
DII, FILE COPY
AMSTE-RP-702-100
Test Operations Procedure 1.2-610 15 May 1990

O AD No.

U.S. ARMY

o TEST AND EVALUATION COMMAND
00

'&J.04
N

S I•,dI

* DTIC• :-7. 11- ý-CrTE

SEP 10 1990

HUMAN FACTORS ENGINEERING

PART I

TEST PROCEDURES

Ar.'r/ev, %'r pub!iz renase; distribution unlimited

2 6



UNCLASSIFIED

Form Aporoved
REPORT DOCUMENTATION PAGE OMB NO 0704.0188

mREPORT SECURITY CLASSIFICATION l b RESTPICTI\ EI MARKINGS

NCLASSIFIED . ... ...
SECURITY CLASSIFICATION AUTHORITY 3 DIFTRIBUTION/AVt.,ABILITY OF REPORT

Approved for Public release; distribution
2b. DECLASSIFICATION /DOWNGRADING SCHEDULE unlimt'ted

4RFORM GORGANIZATION EPO'RT FUM ER(S) S. MONITORING ORGAN--ATION RP9CRT NUMBER(S)

Test Operations Procedure (TOP) 1-2-blO
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAPIE OF MONITORING ORGANIZATION(I f(if applicable)

Carlow Associates U.S. Army Test and Evaluation Command
6c. ADDRESS iCity, State, and ZIP Code) %7 ADDRFSS (City, State, and ZIP Code)

Fairfax, Virginia 22031 Aberdeen Proving Ground, MD 21005-5055

Ba. NAME OF FUNDING/SPONSORING |8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDEiNTIFICATION NUMBER
ORGANIZATION j (If applicable)

Same as item 7a AMSTE-TA-H
Sc. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS

PROGR~AM PROJECT Y ASK WORK UNIT
Same as item 7b ELEMENT NO. NO. NO. ACCESSION NO.

_AMCR 310-6
11. TITLE (Include Security Classification)

Human Factors Engineering (U)
E•RSONAL AUTHOR(S)

13a. TYPE OF REPORT 13b. TIME COVERED 14. DArE OF REPORT ( Year, Month, Day) 15. PAGE COUNT
Final FROM TO 1990 May 15 866

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP

SHuman Factors Engineering

19. ABSTRACT (Continue on reverse if necessary and identify by block number)
The material in this TOP is intended to be used for the Human Factors Engineering (HYE)
assessment of all types of materiel and systems tested by TECOM. Supplementary sources of
guidance are indicated when required. TOP 1-2-610 encompasses the HFE procedures for the
testing of design, functional performance, and environmental considerations for the major
test functions (operability, maintainability, transportability, portability/usability, erect-
ability, and habitability) applicable to the HFE assessment.
This TOP contains two parts: Part I, Test Procedures and Part II, HEDGE. Part 1, Test Pro-
cedures, provides guidance on how to plan and conduct an HFE test. Part I includes specific
test procedures for measurement and assessment of environmental, design, and performance
characteristics of test items and sample data collection forms such as checklists, question-
naire/interview forms, and other data collection forms. Part II, the Human Factors Engineer-
ing Data Guide for Evaluation (HEDGE) provides planning guidance concerning what to test.
HEDGE includes gtidance on c assification of the test item, identification of fpp i.ab e test

ISTRIBUTION /AVAILABILITY OF ABSTRACT 21.'AOSTRACT SECURITY CLASSIFICATION r; 'A /I- cr4( 2-

UNCLASSIFIED/UNLIMITED 13 SAME AS RPT. [: DTIC USERS UNCLASSIFIED k
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) 22c. OFFICE SYMBOL

DD Form 1473, JUN 86 Previous editions are obsolete. SECURIrY CLASSIFICATION OF THIS PAGE
UNCLASSIFIED



DEPARTMENT OF THE AFIMY
lb HEADQUARTER8, U.S. ARMY TEST AND EVALUATION COMMAND

ABERnEEN PROVING GROUND, MARYLAND P3005-W1

HIPLY TO
ATTEN TION OF

6 SEP 1990
AMSTE-TC-D (70-1Op)

MEMORANDUM FOR Administrator, Defense Technical Information
Center, ATTN: DDAC, Cameron Station,
Alexandria, VA 22304-6145

SUBJECT: Test Operations Procedure (TOP) 1-2-610, Human Factors
Engineering, Part I, Test Procedures, and Part II, HEDGE

1. Enclosed are DTIC Formn 50 (encl 1) and two copies of subject
test operations procedure (encl 2) for assignment of accession
number.

2. Subject document supersedes TOP 1-2-610, 30 Nov 83, presently
in your system under AD No. A140343 and 140391, which should be
removed from your library.

3. Point of contact at this headquarters is Mr. Wolfgang HR.
Schmidt, AMSTE-TC-D, amstetcd@apg-emh4.apg.army.mil, AUTOVON 298-
367-7/2170.

FOR THE COMMANDER:

2 Encds HFPEDEICK D. MABANTA
Chief, Tech Dev Div
Directorate for Technology



US ARMY TEST AND EVALUATION COMMAND

TEST OPERATIONS PROCEDURE

AMSTE-RP-702-100
*Test Operations Procedure 1-2-610 May 15 1990

HUMAN FACTORS ENGINEERING

Part I. TEST PROCEDURES Page

1.0 SCOPE AND USE OF TOP-2-610 ......................................................................... 5
1.1 Scope .................................................................................................. . . 5
1 .2 Llsing T O P 1-2-610 ................................................................................. 5
1 3 Applicable Documents ........................................................................... 5

2.0 FACILITIES AND INSTRUMENTATION ............................................................. 6
2 .1 Facilities .............................................................................................. . . 6
2 .2 Irstrum entation .................................................................................... 7

3.0 PREPARATION FOR TEST ................................................................................ 9
3.1 Step 1 - Classify the lest Item ...................................................... 9
3.2 Step 2 - Determine the Applicable Test Functions ....................... 1 0
3.3 Step 3 . Identify Use Conditions .................................................... 1 0
3.4 Step 4 Identify/Analyze Operator/Maintainer Tasks .................... 1 1
3.5 Step 5 Conduct Preliminary Human Factors Engineering

Analysis ......................................... 1 2
3.6 Step 6 - Identify Design Test Criteria .......................................... 13
3.7 Step 7 - Select Tcst Procedures .................................................. 1 3
3.8 Step 8 Develop Questionnaires and Interviews ......................... 1 4
3.9 Step 9 Identify Test Participants .................................................. 1 4
3.1 0 Step 10 - Identify Facility and Instrumentation Requirements ......... e
3.11 Step 11 - Identify Test Controls ............................... 16
3.12 Step 12 - Develop Test Plan ..................................................... 19

4.0 DATA REQUIREMENTS AND ANALYSIS ........................................................... 20
4 .1 Data Required ..................................................................................... 2 0
4.2 Data Reduction and Analysis .............................................................. 2 1

5.0 SPECIFIC TEST PROCEDURES ..................................... 22
5 .1 Lighting ............................................................................................... 2 3
5.2 Noise Measurement ............................................................................ 2 7
5.3 Temperature, Humridit/ and Ventilation Measurement ..................... 5 1
5.4 Visibility Measuremant ...................................................................... 6 1
5.5 Speech Intelligibility ........................................................................ 67
5.6 Workspace and Anthropometrics ...................................................... 75
5.7 Force/Torque Measurement ................................................................ 7 9
5.8 HFE Design Cheklists ....................................................................... 83 3
5.9 Panel Commonality Analysis ............................................................. 85
5.1 0 HFF. Maintainability As3essment ........................................................ 8 7
5.1 i individual Performance Assessment .................................................... 91
5.12 Error Likelihood Analysis ...................................................................... 95
5.13 Crew Performance ............................................................................. 99
5.14 Information Systems ........................................................................ 1 03
5.15 Training Assessment ..................................... ..... 109

*This TOP supersedes TOP 1-2-610. 30 November ig9c3 'V Codes

.. id/or

11b.



S15 May 1990 TOP 1-2-610

Part I. TEST PROCEDURES (Cant.) Page

5.1 6 W orkload Assessment ....................................................................... 113
5 .17 Task C hecklists ..................................................................................... 1 17
5.1 8 Questionnaires and Interviews ........................................................ 11 9
-5 .19 D exterity .............................................................................................. 1 3 3
5.20 Cold Regions Clothing and Equipment ............................................... 1 37

Part I. Figures

3- 1. Recommended Orders of Presentation of Test Conditions .......................... 1 8

5.2-1. Air Conditioner Test Setup .................................................................. 34

5.2-2. Motor Vehicle Test Course ................................................................... 3 7

5.2-3. Powered Mobile Construction Equipment Test Course ......................... 3 8

5.2-4. Typical 85 dB(A) Noise Contour Curve for a Military Vehicle ........... 4 9

5.2-5. Typical 140 dB Noise Contour Curve for a Weapon Firing Test ....... 50

5.3- 1. Comfort as a Function of Temperature and Humidity ........................... 5 3

5.3-2. Life Expectancy in Cold W ater .............................................................. 54

5.3-3. Upper Limits of Exposure for Unimpaired Mental Performance ...... 56

5 .4.1. Sample Form for Measurement of Viewing Angles Through Vision
B locks ................................................................................................ . . 6 3

5.4-2. Sample Visibility Contour Maps ........................................................... 6 4

5.1 8- 1. Sample Bar Graph of Response Percent from Daily Interviews
o n B ody A rm or ......................................................................................... 1 3 2

Part I. Tables

2- 1 . TECOM Instrumentation Package Components ......................................... 7

5.2-1. Noise Tests to be Conducted ................................................................. 2 7

5.3- 1. General Effects of Temperature on Human Subjects ............................ 5 3

5.3-2. Comfort Range Versus Skin Temperature ............................................. 54

5.3-3. Comfort Range Versus Hand and Foot Temperature .............................. 5 4

5.5- 1. Sample Talkers Sheet for Modified Rhyme Test .................................. 7 1

5.5-2. Sample Listener's Check Sheet for Modified Rhyme Test ..................... 7 2

5.6-1. Fifth Percentile Arm Reach Capability Expressed as a Percentage
of the Shirt-Sleeves Condition for Winter Clothing and Pressure
Suited Conditions .................................................................................. 76

5.7-1. Sample Checklist for Control/Component Force A.ssessment...............8 1

5.7-2. Sample Data Summary Sheet for Control/Component Force
Assessm ent ............................................................................................ 8 2

5.1 2-1. Presentation of Results of Control Error Likelihood Analysis ............. 9 8

5.1 8- 1. Mean and Standard Deviation of Ratings of Statements for Use
in Developing Specific Rating Scales for Item Comfort .............. . ........ 123

5.1 8-2. Mean and Standard Deviatior, of Ratings of Statements for Use
in Developing Specific Rating Scales for Item Protection ................. 1 24

2



IS May 1990 TOP 1-2-610

Part 1. Tables (Cont.) Page

5.1 8-3. Mean and Standard Deviation of Ratings of Statements for Use
in Developing Specific Rating Scales for Item Ruggedness ................ !2 5

5. 1 8-4. Mean and Standard Deviation of Ratings of Statements for Use
in Developing specific Rating Scales for Item Fit .............................. 1 26

5.1 8-5. Mean and Standard Deviation of Ratings of Statements for Use
In Developng Overall Acceptability and General Rating Scales ...... 1 27

5. 1 8-6. Sample Summary of Rating Response Frequencies on Four
Characteristics of Body Armor .......................................................... 1 2 9

5.1 8-7. Sample Summary of Response Frequencies from Daily
Interviews on Body Armor .................................................................. 1 30

5.18.8. Sample Summary of Response Percent from Daily Interviews
o n B od y A rm or ......................................................................................... 1 3 1

Part I. Appendixes

A. D ata Collection Form s .............................................................................. . A -1
HFE Test Planning Checklist ................................................................ A-2
Preliminary HFE Analysis Form ....................................................... A-5
Task Checklist Form .......................................................................... A-6
Design Checklist Form ....................................................................... A-8
Panel Commonality Analysis Form ...................................................... A- 1 0
Workload Assessment Form .............................................................. A- 11
Control Error Likelihood Worksheet .................................................... A- 12
Display Error Likelihood Worksheet .................................................... A- 13
Error Report Form ............................................................................ A -14
Personnel Data Form ......................................................................... A-1 50 NET Analysis Questionnaire ................................................................... A -1 6
Training Debriefing Questionnaire ................................................... A-i 8
Visibility Contour Map Form ............................................................ A-2 0

B. Sample Questionnaires and Interviews ...................................................... B - 1
C-1. Phonetically Balanced Word Lists ........................................................... C-1
C-2. Modified Rhyme Test ................................................................................ C-7

D. Expected Environmental Effects on Performance of Specific Tasks:
Candidate Test Conditions ............................................................................. D- 1

E - 1 . G eneral G lossary .......................................................................................... E - 1
E-2. User-Computer Interface Glossary ............................................................ E-7
F. Applicable Docum ents .................................................................................. F - 1

G Metric/English Convorsion Factors .......................................................... G-1

Part II. HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION
(HEDGE)

1.0 STEPS IN PREPARATION FOR AN HFE TEST .................................................... 5

2.0 HOW TO USE HEDGE .......................................................................................... 7
2.1 Step I - Classify the Test Item ............................................................. 7
2.2 Step 2 - Determine the Applicable Test Functions .............. . ....... 8
2.4 Step 4 - Identity/Analyze Operator/Maintainer Tasks ...................... 11
"2.5 Step 5 - Conduct Preliminary Human Factors Engineering Analysis. 13
2.6 Step 6 - Identify Design Test Criteria ............................................... 13
2 .7 S teps 7 - 12 ........................................................................................ 2 0

3



15 May 1090 TOP 1-2-6'10

Part II. Figures Page
1. Steps In HFE Test Preparation ....................................................................... 4
2. Index to Test Ilem Class/Subclass and Test Functions ..................................... 6
3. index to Design Checklists ............................................................................ 17

Part II. Tables

1. List of Sample Task Checklists ..................................................................... 10
2. List of Sample Design Checklists .................................................................. 14

Part II. Appendix A - Sample Task Checklists

OPERABILITY ..................................................................................................... A .2
MAINTAINABILITY .............................................................................................. A.82
TRANSPORTABILITY ............................................................................................. A -I 16
PORTABILITY/USABILITY (Clothing and Personal Equipment) ......................... A- 122
ERECTABILITY ....................................................................................................... A .-129
HABITABILITY ..................................................................................................... A- 134

Part II. Appendix B - Sample Design Checklists

1. LABELS, MANUALS & MARKINGS .............................................................. B - 2
2. STEPS, LADDERS, PLATFORMS,

HANDHOLDS & RAILINGS ............................................................................. B . 16
3. DOORS, HATCHES & PASSAGES ...................................................................... B -29
4. EXTERNAL COMPONENTS ............................................................................... B -38
5. CONTROLS ....................................................................................................... B-47
6. SPECIAL CONTROLS .................................................................................... B - 147
7. DISPLAYS .................................................................................................... B - 155
8. SPECIAL DISPLAYS ........................................................................................ B -216
9. COMMUNICATIONS ....................................................................................... 8 -222
10. LINES, HOSES & CABLES ............................................................................... B-235
11. W ORKSPACE ................................................................................................. B.244
12. FASTENERS & CONNECTORS .......................................................................... B-269
13. HANDLES ....................................................................................................... B -279
14. OPTICS ......................................................................................................... B-288
15. OPERATING ELEMENTS .................................................................................. B-296
16. PACKAGING ................................................................................................ B-3G7
17. ACCESSES, COVERS & CAPS ........................................................................... B-315
18. MEASURES ..................................................................................................... B 324
19. REPLACEABLE UNITS .................................................................................... B-328
20. TEST ELEMENTS & TOOLS .............................................................................. B -335
21. CLOTHING & PERSONAL EQUIPMENT ............................................................ B -342
22. %.7RUCTURAL COMPONENTS .......................................................................... B -357

Part !i. Appendix C - HEDGE Figures

C -1. Preferred Letter Format .......................................................................... C .2
C -2. Preferred Numerical Format ..................................................................... C -3
C -3. Other Acceptable Fonts .................................... C .4
C -4. Airborne Noise Levels for Ship Compartments ........................................... C -6
C-5. Minimum Access Dimensions for Construction and Industrial

Machinery .................................................................................... ..... ..... C .7

4



15 May 1990 TOP 1.2-110

1.0 SCOPE AND USE OF TOP 1-2-610
S,.1 Scope The material In this TOP is intended to byi used for the Human Factors
Engineering (HFE) assessment of all types of materie: and systems tested by TECOM

with the exception of the soldier-computer interface which is contained In TOP 1-1-
059, Human Factors Evaluation of the Soldier-Computer Interface. Supplementary
sources of guidance are indicated when required. It eooompasses the HFE procedures for
the testing of design, functional performance and environmental considerations for 1he
major test functions (operability, maintainability, transportability,
portability/usability, erectability, and habitability) applicable to the HFE assessment.
This TOP contains two parts: Part I. Test Procedures and Part II, HEDGE. Part I, Test
Procedures, provides guidance on b to plan and conduct an HFE test. This part also
includes specific test procedures 3nd sample data collection forms, such as checklists,
questionnaire/ interview sheets and other data collection forms. Part II, the Human
Factors Engineering Data Guide for Evaluation (HEDGE) provides planning guidance
concerning W=at to test and includes guidance in the selection of applicable test
functions, test wonditions, performance tasks, and detailed design criteria. The scope of
the HFE test during the technical test phases is specified in TECOM Suppl 1 to AR 602-1.
The scope of HFE testing during customer tests wili be limited to that specified by the
customer.

Note: Procedures for human body vibration and toAic fumes hazards are not included in
this TOP. TOP 2.2-808 addresses field shock and vibration tests of vehicles. TOP 2-
2-614 addresses toxic hazards tests; for vehicles and other equipment.

The material contained in this TOP does not include detailed methods for statistical
analysis of data. Guidance for statistical treatment of data is contained in standard
sources such as DARCOM PAMPHLET 706-103, Engineering DeDsign Handbook-Selected
Topics in Experimental Statistics with Army Applications, December, 1983.

1.2 Using TOP 1-2-610 This TOP consists of two parts as follows:

a. Part I - Test Procedutes

b. Part II - Human Factors Engineering Data Guide for Evaluation (HEDGE)

It is intended that the materials provided in TOP 1-2-610 be tailored to the
requirements of a particular HFE test. In particular, data collection forms provided in
Appendix A of Part I, Task Checklists provided in Appendix A of HEDGE, and Design
Cheidlists provided in Appendix B of HEDGE should be modified based on results of the
test planning process.

The HFE specialist should read Sections 1-4 of TOP 1-2-610 Part I to gain an
understanding of the HFE test process. To plan a test, carry out the steps described in
Section 3.0 referring to the various Appendixes and to Part II HEDGE or to other TOPs
and documents as indicated. As test requirements are defined, materials, checklists, data
collection forms, etc. should be modified as necessary.

1.3 Applicable Documents The primary source of HFE design criteria which are
used in HFE testing is MIL-STD-1472D, Human Engineering Design Criteria for
Military Systems, Equipment and Facilities. It will be necessary to obtain a copy of MIL-
STD-1472D In order to use TOP 1-2-610 because the TOP references design critroria
and data contained In MIL-STD-1472D. Essentially, TOP 1-2-610 provk~es HFE test
guidance, specific test procedures, and materia;s which allow the HFE specialist to
identify relevant criteria and to organize the date collection effort necessary to test an
item against these criteria.

5
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It is recommended that the test activity obtain additional documentation depending on the
types of HFE testing anticipated. The following docurmients have w;de applicability to
many HFE tests.-Other references are applicable to specific te1t types end are provided
in Appendix F of Part I.

MIL-STD-1472D Human Engineering Design Criteria for Military
Systems, Equipment and Facilities

MIL-HDBK-759A(MI) Human Factors Engineering Design for Army
Materiel (Metric) with Change Notices 1 and 2

TOP 1-1-059 Soldier- Computer Interface

AR 602-1 Human Factors Engineering Program

TECOM Rogulation 70-24 Research Development and Acquisition -
Documenting TECOM Testing

TOP 1-1-012 Classification of Deficiencies and Shortcomings

TECOM PAM 602-1 Questionnaire and Interview Design (Subjective
Testing Techniques)

AMC Regulation 70-13 Test Incident ,ind Related Reporting

AR 602-2 Manpower and Personnel Integration :MANDRINT) in Materiel
Acquisition Processes

TECOM Regulation 70-5 Use of Soldier Operator-Maintainer Test and
Evaluation (SOMTE) Personnel in Technical Testing

DARCOM PAM 706-103 Engineering Design Handbook - Selected Topics
in Statistics with Army Applications

MIL-STD-12 Abbreviations for Use on Drawings, Specifications,
Standards, and in Technical Documents

MIL-STD-1280 Keyboard Arrangements

MIL-STD-1801 (USAF) User/Computer Interface

TOPs are available from the Defense Technical Information Center (DTIC), Defense
Logistics Agency, Cameron Station, Alexandria, VA, 22304-6145. Other TECOM
documents are available from TECOM Headquarters. Federal and military specifications,
standards and handbooks are available from the Naval Publications and Forms Center
(ATTN: NPODS), 5801 Tabor Avenue, Philadelphia, PA 19120-5099. Ametican
National Standards Institute (ANSI) and International Standards Organization (ISO)
documents can be obtained from The American National Standards Institute, Inc., 1430
Broadway, New York, NY 103013. Sxciety for Automotive Engineers (SAE) documents can
be obtained from the Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096-0001.

2.0 FACILITIES AND INSTRUMENTATION

Specific requirements for facilities and instrumentation are included in the Specific Test
Procedures (sections 5.1 through 5.20). General requirements are given below.

2.1 Facilities Facility requirements depend on the classification of the Item being
tested and on the test conditions. Facilities normally provided for other subtests are
often adequate for the requirements of HFE testing. Any addltional facilities required for

.HFE tests are so specified.

6



15 May 1990 TOP 1-2-610

2.2 Instrumentation Requirements for Instrumentation generated in an HFE test
plan can, In most cases, be satisfied through use of the TECOM HFE Instrumentation
Package. A list of package components is shown in TABLE 2-1.

Table 2-1. TECOM HFE Instrumentation Package Components

Measurement Instrument Specification or Standard

Noise Sound Level Meter ANSI S1.4 (Type 1)
Band Filters ANSI $1.11 (Type E, Class II)

IlIumina tion Photometer .002 to 300 Footlambert ± 4%

Force, Torque
and Dimension

"orque Torque Gauges

0-80 in.-lb. ± 0.1 in.-lb.
0-160 in.-ib. ± 1.0 in.-lb.
0-240 in.-ib. ± 3.0 in.-ib.
0-20 ft.-lb. ± 0.2 ft.-lb.
0-100 ft.-lb. ± 6.4 ft.-lb.

* Torque Wrenches with 25
and 75 ft.-lb. capacities

Force/Weight Force Gauges

0-500 g. ± 0.1 g.
0-32 oz. ± 0.25 oz.
0-5 lb. ± 1.0 oz.
0-20 lb. ± 0.15 lb.
0-40 lb. ± 0.5 lb.
0-50 lb. ± 0.5 lb.
0-250 lb. ± 2.5 lb.

Push-pull Gauges (2, 5,
50 and 250 lb. capacities)
Accessories to include notched
head, flat head, cone head, chisel
head, hook and extension rod

Digital scale

Dimensions and Dial Calipers
Angles

Tape Measures (12, 20,
100 feet)

Protractor 1: 1.0"
e | .~-- ....

MetrIc/English unit conversions are provided In Appendix G

7
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Table 2-1. TECOM HP'E Instrumentation Package Components
(Continued)

Measurement Instrument Specification or Standard

Atmosphere end
Environment

Dry Bulb Digital Thermometer -22 to 1990 F ± 0.9 0F
Temperature

Relative Aspirating psychrometer 0 to 120OF ± 0.50F
Humidity

Wet Bulb Global WBGT Heat Stress ISO 7243
Temperature Monitor

Air Velocity Hot Wire Anemometer 0 to 1000 fpm. ± 3%
Wind Speed Indicator ± 1 .75 mph.

Anthropometry

Body Dimensions Anthropometer ± 0.1 cm.
Sliding caliper ± 0.1 cm.
Spreading caliper ± 0.1 cm,
Tape Measure ± 0.1 cm.
Anthropometric chair t 0.1 cm.
Goniometer ± 0.1 cm.

Weight Digital scale t 1.0 lb.

Performance

Video Tape Camera
Recording Recorder
System Monitor

Still Polaroid camera
Photography 35mm camera

Time and Digital timer
Events Multiple event counter

Audio tape recorder

Support Tool kit
Equipment Equipment cases

instrument tripods
Binoculars
NiCad batlery charger
Scientific calculator

Metric/English unit conversions are provided In Appendix G

I
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3.0 PREPARATION FOR TEST

Prior to using TOP 1-2-610 to plan an HFE lest, obtain cooigs of the following for the
test Iem:

a TECOM Independent Assessment Plan (lAP), Army Materiel Systems Analysis
Activity (AMSAA) Independent Evaluation Plan (IEP) or AMSAA Test Design
Plan (TDP)

b. System MANPRINT Management Plan
c. Technical Manuals
d. Required Operational Capability (ROC) and/or System Specification

To get copies of these documents, contact:

a the Test Activity Test Directo,'
b. the HFE counterpart in the RAM/ILS/HFE Division at TECOM HQ
c. the TD&E Officer at AMSAA
d the Test or Assessment Officer at TECOM HO

The primary emphasis in human factors engineering testing must be placed on an
assessment of the effectiveness and degree of safety with which the test item can be
operated, maintained, occupied, transported, or otherwise used by qualified personnel in
the designated environment. The major requirements in the preparation of an HFE test
are to identify what is to be tested, how the test is to be conducted, and what criteria are
to be used. The determination of what is to be tested and analyzed in an HFE test requires
the identification of objectives and critical issues for testing, and the selection of test
measures. In the process of determining critical issues, previous test records on the
items should be studied to ascertain any human factors problems that may have arisen in
earlier development testing. HFE objectives, as well as related crihical issues, may be
designated in the Independent Assessment Plan (lAP), Independent Evaluation Plan
(IEP), Test Design Plan (TDP), or other pertinent information concerning the test item.
Such background information shall be used to tailor the HFE subtest, as well as the data
collection techniques, to the particular item being tested. An HFE Test Planning
Checklist for ensuring that applicable steps are followed is provided in Appendix A of
Part I. This checklist should be used throughout the test planning process. For some
HFE tests, the HFE specialist should coordinate with other test elements to insure the
availability of facilities and instrumentation or data appropriate for the HFE subtest.
The specific steps to be followed in preparing an HFE lest plan are described below.

3.1 Step 1 - Classify the Test Item The initiai step in the planning of an HFE
test is to classify the lest item into one or more of the appropriate lest item classes.
Guidance contained in HEDGE, Part II of this TOP, is presented in terms of the following
Test Item Classes and Subclasses, which are fully defined and described in HEDGE:

a. Vehicles - Maneuvering, Air, or Non-Maneuvering

b. Weapons - Individual, Crew Served, or Ammunition

c. Materiel Handlers - Soldier-Operatea or Soldier-Monitored

d. Electronics/Slgrals - Sensors & Detectors or Information/Command-Control
Systems

e. Operational Support - Maintenanc, & Repair Equipment, Material Production
& Environment Control, or Majnr Construction Items

f. Troop Support - Consumables, Clothing & Personal Equipment, or Living &
Working Areas.

9



1s May 1190 TOP 1-2-$10

3.2 Step 2 - Determine the Applicable Test Functions The lest functions of
concern in an HFE test, as fully defined and descrbed in HEDGE, are listed below:

a. Operability tests are applicable in all HFE tests of Developmental and Non.
Developmental Items.

b. Maintainability tests are applicable In all HFE tests of Developmental and
Non-Developmental Items.

c. Portability/Usability tests are applicable in all HFE tests of Developmental

and Non-Developmental Items.

d. Ereclability

e. H3bitability.

3.3 Step 3 - Identify Use Conditions Use conditions are factors which may
influence operability, maintainability, etc. and include environmental factors such as
cold'heat, day/night, etc. under which the item may be used. Use conditions, however,
can also arise from mission factors or characteristics of test participants.

The HFE specialist planning a test will ensure that HFE tests are performed under
conditions representative of item use to the extent that such condi!ions are expected to
have an effect on performance in operating or maintaining the item. HFE test criteria
which involve use conditions are inctuded in the Sample Design Checklists in Appendix B
of HEDGE. Potential effects of environmental conditions on operator/maintainer
performance are also given in Appendix D of Part I and effects of cold environments are
provided in TOP 1-1-003. Applicable use conditions should be selected from the
following lists:

3.3.1 User (Test Participant) Conditions Use conditions associated with the
test participant includa individual differences between peisonnel and clothing/
equipment requirements which could affect operabiiity/maintainab;lity of the test item.

a. Gender (male, female)

b. Body size (height, weight, etc.)

c. Limb size (dimensions, reach distance, etc.)

d Clothing (size, type)

e. Encumbrances (combat pack, weapon, radio)

f. Skills and knowledge (MOS, experience, training)

g. Special considerations (handedness, physical strength, wearing of eyeglasses,
and facility of spoken English).

3.3.2 Environmental Conditions Use conditions associated with the environment
incdude climate and weather under which the hem will be operated and factors associated
with the intended mission which could affect operability/maintainability of the test
Item. Expected HFE environmental effects have been identified for item tasks by Test
Function and 'rest Item Class and Sutclass. These environmental effects are presented in
Appendix D of Part I. In developing a lest plan for a specific item, VhaHFE specialist
should consult the pages in Appendix D of Part I appropriate to the Test Functwon and Test
Item Class and Subclass and Identify environmental use conditions to be included in the
lest. Some of these ere listed below:

10
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P. Weather (rain, snow, fog and similar meteorologtzal conditions w'hich affect
visibility and mobility)

b. Temperature (extremes of heat and cold)

c. Humidity (extremes - assessed in conjunction with temperature)

dc Climate (temperate, tbopic, desert or cold regions)

e. Wind (effects on mobility, handling of components)

f. Terrain (typQ, evenness, hardness - effects on mobility or footing)

g. Ventilation (effects on comfort, safety and performance)

h, Airborne contaminants (dust, noxious fumes)

I. Lighting (type, location, levels - effects on visibility)

j. Noise (spectrum, loudness - effects on comfort, safety, reception of
communication, oerformance)

k. Vibration (spectrum and intensity - effects on comfort, safety and
performance).

3.3.3 Operational Conditions Operational use conditions include characteristics of
the deployment and mission which could affect operability/maintainability of the test
item such as :

a. Threat characteristics (type, number, distance, deployment)

b. Force chara-teiistics (mission profile, operational mode summary, crew
composition)

c. Conditions of readiness

d Blackout conditions

e. Logistical constraints

f. Emergency conditions.

3.4 Step 4 - Identify/Analyze Operator/Maintainer Tasks One of the pri.
mary objectives of HFE testing is to verify that design characteristics of the test item
are or are not adequate to support th6 intended use of the item. The intended use is best
specified by a set of tasks which the operator/maintainer will perform. Once a set of
tasks has been de;ined for each of the applicable test functions, Task Checklists can be
used to verify ihat the design is adequate for performance of the task or that a human
factors engineering problem exists for the task. Sample Task Checklists are included in
Appendix A of HEDGE. These can be modified to represent specific tasks characteristic of
the test item.

3.4.1 Task Identification and Analysis Identificationi of tasks to be analyzed
begins with a review of the test support data package accompanying the test directive and
lest item. Details of Step 4 are included in section 2.4 of HEDGE. Sources of Soldier/Item
Task information may include any or all of the following

a Contractor Task Analyses

b. Generic Soldier/item Tasks

c. Test Item Operating and Maintenance Manuals

d. Operator/Maintainer Experience

11
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At a minimum, all bhial and modgle criticality tasks shall be Identifiad as defined in
section 2.4 of HEDGE, The test plan will be organized to verify suitability of design
characteristics for the performance of these tasks or to detect HFE problems In task
performance. All critical tasks shall be recorded on the Preliminary HFE Analysis form
provided in Appendix A of Part I.

3.4.2 Criticallty Analysls When the critical tasks and task sequence have been
Ientified, an analysis shall be performed to determine:

& Who performs the task?

b. What performance criteria apply to the task (time, rate, sequence, etc.)?

c. Are controls and displays Involved?

d. What information input is required from other personnel?

e. What commands are required from other personnel?

f. Are poter.tial errors associated whh the task?

g. How the operator or HFE speciaiist knows that an error has occuired
(feedback)?

h. What environmental conditions (both ctimatological and technical or
equipment produced) may be expected to influence performance of the task?

i. What conditions specific to the operation will affect performance of the task
(body size, clothing, skill level)?

3.4.3 Tailored Task Checklists As the sequence of tasks is identified, a specific
Task Checklist appropriate to the Test Item Class and Subclass shall be completed, This
involves developing an item-specific Task Checklist from the appropriate Sample Task
Checklists in Appendix A of HEDGE, adding any other tasks judged to be of high and
moderate criticality and deleting generic tasks found not applicable to the test item. The
Task Checklist must be completed at this point in the planning process so that it can be
used to identify potential problems and areas where further investigation will be
required in the HFE test.

3.5 Step 5 - Conduct Preliminary HFE Analysis The HFE specialist or test
planner will use any and all available information, including the technical data package,
manuals and the test item itself if it is availab!e to conduct the preliminary HFE
analysis.

3.5.1 Prepare Preliminary HFE Analysis Form When the HFE specialist has
Identified tasks from the task checklists which should receive special consideration in
the HFE test, an enumeration of these tasks shall be made on the Preliminary HFE
Analysis form. A copy of this form is provided in Appendix A of Part I. For each task
identified, factors to be considered in the test will be determined in terms of
environmental conditions (e.g.. effects of ambient noise on a communication task, or
effects of Illumination on an inspection task); equipment cha-acteristics (e.g., size,
shape, location, visibility, etc., of components); test participants' characteristics (e.g.,
limb length, clothing conditions, experience with similar Items); and performance
(weapon delivery, tracking, road following, decision making, etc.).

3.5ý2 Walk-Throughs and Talk-Throughs Walk-Throughs and/or Talk-
Throughs can be conducted by the HFE specialist if sufficient information exists about
operator/maintainer tasks. Alternatively, an experienced operator/maintainer should

12
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assist the HFE specialist. The analysis consists of considering each task in sufficient
cepth to identify:

& Potential HFE ;poblems In: equipment design characteristics, environmental
effects, and system performance

b. Test participant cearacteristics (body dimensions, skills, clothing) to be
evaluated

c. Types of tests to be included and measurements required

d, General data requirements

e. Facilities and instrumentation required.

3.6 Step 6 - Identify Design Test Criteria Item design criteria are the
st3ndard HFE criteria which specify limits of forces, dimensions, workspace, noise,
visibility constraints, weights, clearances, arrangements, and operational conditions,
These criteria, derived from MIL-STD-1472D and other applicable military standards
and specifications, are presented in the Sample Design Checklists in Appendix B of
HEDGE. Selection and development of item-specific Design Checklists is covered in detail
in section 2.6 of HEDGE. The Design Checklists serve two purposes. First, they provide
an Index to the design critesia contained in MIL-STD-1472D. Second, they can be
modified by deleting checklist items which are not applicable to the test item. The item.
specific Design Check:ists can then be used for data collection.

HEDGE provides a means of classifying test items as described in section 3.1. Based on
this classification, the component types generally associatEod with the Test Item Class and
Subclass are identified. There is a Sample Design Checklist in Appendix B of HEDGE for
each component class. Within a par!icular Design Checklint, items are grouped according
to HFE considerations defined in HEDGE. Where a Design Checklist item is based on
requirements of MIL-STD-1472D, a reference is provided to the appropriate paragraph
in MIL-STD-1472D. If a Design Checklist item is clearly not applicable to a test item,
it can be deleted from the item-specific Design Checklist. The referenced paragraph in
MIL-STD-1472D should be consulted to determine applicability and to obtain detailed
information on which to base a decision on design adequacy of the test item.

3.6.1 Determine the Applicable Test Item Components The HFE sublest
shall include procedures for the test and analysis of the HFE design, technical and
performance characteristics of the system. To determine the specific characteristics
applicable to the system being tested, the HFE specialist must identify the Test Item
Components with which the operator/maintainer interacts in performing the specified
tasks, This identification is made by using section 2.6 of HEDGE.

3.6.2 Tailored Design Checklists The HFE specialist must select "hose Design
Checklists and design criteria which apply to the selected Test Item Components. The
Design Checklists for the test item will then be developed based on the generic Design
Checdidsts contained in Appendix B of HEDGE.

3.7 Step 7 - Select Test Procedures The selection of test procedures depends
In'targe part on the type of test and the Item being tested. There are two general
categories of HFE tests: design tests and performance tests. Both categories of tests must
be used by the HFE specialist in planning the HFE subtest. (1) Design test aire directed
toward measuring and assess1Wg the HFE techniG-al and design charaicteristis of the Item.
(2) Performance tests are concerned with determining the adequacy of the soldier-
machine Interface and the performance capability of the operator/maintainer when
using the item. The selection of specific tests within each of the two general categories
depends on the type and complexity of the Rem or system being tested.

13
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3.7.1 Equipment Technlica and Design Characteristics Technical charac-
teristics include the mechanical, thermal, atmospheric or illuminalion environments
created by the item during use, and the environmental conditions under which the Item
must bo operated and maintained (weather, climate, i4rnperature, noise, terrain,
illumination, etc.). Technical characteristics are assassevd using specific Test
Procedures which are descril:bd in sections 5.1 through 5.3.

Design characteristics inclule the physical dimensions of the item omponents which are
used by or which contact the item operator/rnaintainar. These components include
controls, displays, stepi and ladders, labels, communiations equipment, doors,
fasteners, handles, opiics, workspace, seats, tools, and any other seereenis of the item
which are hanaled, controiled, adjusted, avoided, moved, read, communicated or
contacted by personnel during item use. Design characteristics are assessed using
specific Test Proredures which are described in sections 5.4 through 5.7. HFE Design
Checklists (section 5.8) will be us&d to assess the adequacy of both the technical ano
design aspects of the equipment.

3.7.2 System Performance Tests and Analysis Performance can either be
directly measured or Inferrad. If inferred, it can be described either analytically or by
test participants. Direct measurements of performance producing quantitative, objective
measures of system (soldier.machine) performance capability should be used.
Measurements should be identified from the task analysis, specifically the performance
standards. Where the standards require a specified rate of fire, or first round accuracy,
or time to troubleshoot a component, or some similar apocified level of performance, a
ditact measurement performance test is Indicated. These data may be obtained from tests
conducted for other subtests such as RAM or safety. To supplement direct measuremenis,
and to provide data where direct measurements are not possible, performance analyses
are conducted. The objective of these analyses is to Identify system performance
problems. The analyses may be conducted by the HFE specialist or they may be based on 0
information received from personnel afler a period of operating or maintaining the item.
Examples of performance analyses include error likelihood analysis, workload analysis,
team interaction analysis and training effectivenes&; analysis. The specific methods for
conducting these analyses are presented In seclions 5.9 through 5.20. Performance
problems may be identified by the HFF :--pecialist tirough the use of Test Procedure 17
described in section 5.17 and the Sample Task C;hecklists provided in Appendix A of
HEDGE. Special cold regions problems are addressed In sections 5.19 and 5.20.

3.8 Stop 8 - Develop Questionnairer and Interviews Valid and reliable dat3
reflecting personnel opinions and insights concerning soldier-item system performance
capability, military utility and soldier acceptance shall be obtained through the use of
carefully prepared and administered questionnaires and interviews. These methods are
employed to obtain opinions, attituces and preferences of personnel who have 'hands-on'
experience with the equipment. They serve also to supplement and clarify information
derived from observations and measurements concerning identification of use problems,
magnitude of problems, causal factors, and lest participant perceptions of implications
and effects of such problems. Guidance In the preparation of questionnaires and
Interviews is given In section 5.18 and sample questionnaire and interview materials
Are contained In Appendix B of Part i. Additional detailed guidance In the preparation of
questionnaires and interviews is also provided in TECOM PAM 602-1.

3.9 Step 9 - Identify Teat Participants The sample of test paukcipants used
shall be representative of the user population In terms of MOS, skill level, and training.
Test project personnel, therefore, shall review the hem documentation to determine the
following characteristics of the intended user population. In addition, any specific
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training programs necessary to operate, maintain, or otherwise usC the item must be
identified.

Although %he names of lest praticipants should not be used In test reports, each
participant should be ideotified by a code. This code needs to be oonsistetilt between the
various HFE procedures and data forms (i.e. questionnaire/interview responses and
comments, demographics, anthropometty, tasks checklists, speech intelligibility, etc.).
If soldier, operator, maintairer, test and evaluation (SOMTE) personnel are used as test
participants, their rsequence numbers from the SOMTE electronic data base should be
used as the code. (See TECOM Regulation 70-5 for a description of the data base.) If test
s:hedule and review committee (TSARC) soldiers or DA civilians are used, any
consistent code will suffice.

The information lisled below represents sample citeria for subject selection. The
distribution of each characteristic in the test participi nt sample shall be similar to that
of the population distribution within selection constraints. The characteristics to be
determined and recorded for all participants shall inclh•de consideration of the following:

a. G The representation cf male and fema!e in the test sample should be
similar to that of the intended user populat or.

b. Physical Dimensions Ranges of height, rnd weights shall be specified,
giving due consideration to the range of thgs.a dimensions expected of typical
user personnel when the system is fieldid. Specifically, the range should
encompass the 5th through 95th percentile as described in TABLE 2-10 in
MIL-HOBK-759A(MI). Determination mist be made of specific body
dimensions of importance for item use (reach, seated height, kneeling, etc.)
and the 5th through 95th percentile values of these dimensions should be used
(FIGURE 29 and TABLE XIX in MIL-STD-1472D). No person with a special-
duty or limited duty profile can be permittod to participate unless a task
analysis reveals that the restriction on his activities has no impact on the
tasks required in the test.

c. Sensory AcuiX All test participants should have had a recent (within the
lasm 12 months) lest of vision and audition. If vision or audition are critical
to the test functions, the appropriate test shall be given both immediately
before and after test operations. Minimum standards should be stated ior each
of these sensory modalities depending upon an analysis of the requirements of
the tasks to be performed. The inclusion of participants who wear glasses
should be considered if appropriate to the particular test.

d. b=QS The required MOS will normally be specified in the lAP, IEP, TDP, or
other test directive. If it is not, a determination must be made of the MOS and
whether the speciqed MOS must be the test participant's primary MOS or
whether a soldier with this specialty in a MOS is acceptable. If alternate
specialties include the required training and are acceptable substitutes, these
are to be listed in the lAP, IEP, or TDP.

e. Q Test participants should represent the grades and skill levels
specified for test item users or as specified in the Requirements Document.

f. Item SDI-ific Trainina If training is required for use of the test item, this
training shall be provided to test participants prior to data collection.
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3.10 Step 10 - Identify Test Facility and Instrumentation Require-
ments The Identification of facilities and test instrumentation needed shall be made
for each Test Procedure described in sections 5.1 - 5.20 in acoordance with the test
measures to be applied to each procedure.

3.11 Step 11 - Identify Test Controls The test controls appropriate to the
particular lest item must be applied. The following controls are noted because of their
special significance for HFE testing.

3.11.1 Control of Test Participants Selection of personnel to serve as
operators and maintainers, based on characteristk~s identified in Step 9 (section3.9),
serves to counteract personnel biases and differences in experience, motivation, and
skills.

3.11.2 Control of Procedures Operators and maintainers are to perform
according to standard procedures, as indicated in the appropriate technical manuals or
operator and maintenance instructions accompanying the test item. This ensures more
valid inferences from test results with regard to representative participants.

3.11.3 Controls for Comparison of Competitive Systems When comparing
competitive items, personnel operating the competitive Items should have comparable
training (i.e., personnel should be cross-trained on the Items being compared). To
minimize the effects of variability (soldier and machine) due to performing over a
period of time, whenever possible conduct the comparison tests In the same time frame
under the same environmental conditions. To further minimize the influence of such
sources of variability, If possible, repeat the test procedure switching the person (or
crew) from hem A to item B as discussed in section 3.11.4.

3.11.4 Control of Assignment of Test Participants to Test Conditions
Certain HFE test procedures involve operator/maintainer performance of tasks required
by the test Item. In these cases, test participant performance is measured in terms of
task completion time, number of errors, or other variables which characterize operator
or system performance. Often such performance tests and measures are applied to
competing systems or alternate designs to determine the relative effectiveness of these
from the HFE standpoint. These performance oriented tests sometimes Involve more than
one Test Condition defined by multiple test items, variants of a test item, or a single test
item which needs to be tested under different use conditions. Competing systems such as
two trucks might be tested to determine which better meets Army requirements,
Variants of a test htem might arise If a target acquisition system could be procured and
operated using digital terrain data or using operator inputs from maps. Items are often
tested under multiple levels of use conditions such as day/night, temperate/arctic, etc.
In general, multiple test conditions arise whenever the same tests must be replicated to
provide comparative data on competing test items, on test Item variants, or on effects of
use conditions on test Item operability/maintainability.

Multiple test conditions will be denoted as A, B, C, etc. If two competing items were to be
tested, they might be called item A and Item B. If three types of handwear were to be
evaluated in terms of restrictions on hand/finger dexterity, there might be four test
conditions - gloves A, B and C and a control condition D in which participants do not wear
gloves. If a mobile antenna were to be assembled by a crew under both temperate and
arctic use conditions then temperate might be called condition A and arctic condition B.
The essential feature is that the same tests and measurements will be-pplied to test
conditions A, B ..... etc. to obtain data which will allow comparative evaluation of the
conditions. Clearly, It is Important that the tests be unbiased. Differences in test
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participant performance under the various conditions should be a function only of
properties of the conditions and not due to extraneous factors Introduced during the test.
Where measures of test partipant performance will be used as evaluation criteria, two
potential extraneous factors to guard against are Individual differences in skill between
test participants (or crews) and changes in skill over time due to learning and practice.

The term Individual differences refers to the fact that on any task certain persons will
perform better than others. This may be due to differences in sensory acuity, strength,
memory capacity, experience on similar tasks or whatever. The goal should be to control
this source of variability in performance so that it does not bias the test results.
Whenever the data for Item A arise from one group of test participants and the data for
Item B arise from another group, apparent differences in performance between hems A
and B could actually be due to differences in skill between the groups and the test would
be biased. Whenever possible, the same group of test participants should be used in each
test condition. In the hypothetical test of handwear discussed above, the same group of
test participants should perform dexterity tests under all four conditions. If one sub-
group uses gloves A, another sub-group uses gloves B and so forth, it is possible to get
spuriously high scores for one test item because the participants assigned to th.t item
happened to be better at the dexterity task than were the other participant groups. This
is particularly true where the sub-group sizes are small. The preferred approach in
which all participants are used under all test conditions is sometimes called the within-
subjects method because comparisons of results are made mi•bia participants.
Differences in perfomiance associated with test conditions are calculated by comparing a
participant's performance in one condition with his/her performance under another
condition. In theory, this provides control for individual differences and it is said that
aeach participant serves as his/her own control".

There are cases where the within-subject approach cannot be used. If the test project
has only ten targets available and these are acquired by a group of operators using target
acquisition system A then having the same group acquire the targets again using system B
will bias the results In favor of B since the crew members will know the target
locations. If the hypothetical mobile antenna is erected at a test center under temperate
climate conditions and is then shipped to the Cold Regions Test Center for use under
arctic conditions, It may be impossible to also transfer the test participant.. Whenever
possible, however, the within-subjects approach should be used in which each test
participant serves under each test condition.

3.11.5 Control of Order of Presentation of Test Conditions Given that all
test participants are to serve under each test condition, biases due to the order of
presentation wll need to be controlled because of learning and practice effects. Since
each test participant will perform tasks under each test condition, the conditions will
have to be presented in some order such as A first, B second and C third. The problem
here is that participants performance will probably improve over the course of the test
because of practice as the tasks are repeated. In the case above if performance under
condition C were better than under B and better under B than A, there would be no way to
tell if this is due to true differences attributable to the conditions or due to learning on
the part of the participants. The solution is to countar-balarlj the order of presentation
by varying this from one participant to another. This can be done by randomly assigning
participants to groups where there are as many groups as there are lest conditions. If
four conditions are to be tested and twenty participants are available then groups of five
would be used. --

Some counter-balanced orders of presentation of two, three, and four ltst conditions are
shown in FIGURE 3-1. Participant groups of five are shown in FIGURE 3-1 but this
could be any number depending on the number of conditions and the number of test
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participants. Trial blocks In FIGURE 3-1 refer to sets of test trials under a given test
condition. The number of trials in a block might be one if only one performance using a
test item is required of each participant. If each participant Is to perform the test tasks
three times under each condition to Increase the numbe, of data points, then each block
will contain three trials.
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In section a. of FIGURE 3-1, two test conditions A and B are shown. Ten participants are
used in the Iesm and are assigned at random to groups (1-2) and participant numbers
(1-10). If a weapon Is to be emplaced while wearing arctic mittens under condition A
and without arctic mittens under condition B, then group I (particilpants 1-5) will set
up the weapon first while wearing mittens and will then set it up again while not
wearing mittens. Group 2 (participants 6-10) will set up the weapon first without
mittens and then with mittens. Conditions A and B will have received an equal number of
trials by each test participant and under each trial block (I and 2). In principle,
Individual differences between participants will cancel out and effects o7 practice which
are associated with trial blocks 1 and 2 will cancel out of comparisons between the two
conditions. In conducting the test in the order shown in section a of FIGURE 3-1, all
participants should practice the weapon emplacement tasks without mittens before data
are collected. It is sometimes suggested that sufficient practice should be given before
data collection begins that performance has improved due to practice as much as it is
going to. The learning curve will tihen be at an asymptotic value or "particdpants will be
at the top of the learning curvee, Unfortunately, human performance on skilled tasks
generally continues to show marginal improvement after months of daily practice and
thousands of trials. The preferred approach is to provide as many practice trials as
project resources will permit and then use a counter-balanced order of presentation of
conditions as shown in FIGURE 3-1.

Some courter-balanced orders of presentation are shown in FIGURE 3-1 for three and
four test conditions. If there are more than four conditions, construcl a schedule for the
order of presentation by following the pattern in sections b and d in FIGURE 3.1. The
arrangement3 of orders of presentation in FIGURE 3-1 are called latin squares. Each
condition appears once and only once in each row and in oach column. If any two rows or
any two columns of a latin square are interchanged, the result is still a latin square.
Sections c and e in FIGURE 3-1 are random rearrangements of sections b and d.

3.12 Step 12 - Develop Test Plan

3.12.1 Preparation of Detailed Test Plan The HFE subtest plan shali be written
in accordance with TECOM Reg 70-24. The subtest plan shall follow the following
format:

a. b This shali be a concise statement of the objective or issue to be
addressed in the subtest, including the subtest's relationship %ith the overall
test objectives.

b. Criteria This shall be a statement of the criteria contained in or referred to
in the lAP, IEP, TDP, or TECOM directive. The sources r)f all criteria should
be clearly identified down to the paragraph number.

c. Data R.*,JIL This shall be a statement that details the specific data to be
obtained during the test. This shall specify the accuracy recluirements of the
data and the numbers of sample-) or observations.

d. Dato Arguisition Procedure This shall detail the procAedures to be used in
collecting the data. The TOP procedure should be referencoad slong with a
brief description of the procedure. If the procedure deviates fom a TOP or in
the absence of a TOP, the procedure shall be described in drta I.--

e. Technical This shall describe how the data lissted In the data
required section will be reduced and analyzed, and how corrparison against the
criterion statements will be made.
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3.12.2 Review of Test Plans Following preparation of the HFE portions of the
Detailed Test Plan, the test project personnel shall review these plans to ensure that
factors which could reduce the validity and reliability of the results have been
eliminated. In particular, the test conditions to be employed and the test design aie to be
reviewed to determine If the planned test will provide unbiased data. Questions
concerning Impact of the test design on data validity should be referred to the
RAM'iLSMHFE Division, Headquarters TECOM.

4.0 DATA REQUIRF.MENTS AND ANALYSIS

4.1 Data Required Data to be acquired in an HFE subtest Include the data that are
general to all types of tests and the data that are specific to the Design and Performance
tests.

4.1.1 Data General to All Types of Tests

& Demographic data on test partic=ipants

b. Descriptions of test conditionts. and controls (temperature, terrain, weather
conditions, day/night, operation location, ice-snow conditions, visibility
conditions)

c. Description of the test design, run schedule, and test conditions for each run

d. Descriptions of instrumentation used: name, type, serial number, and
manufacturer

e. Descriptions of facilities and materiels used

f. Description of modifications made to instrumentation for operation in cold
regions.

4.1.2 Data Specific to Design Tests Design test data are based on technical and
design charazteristics.

4.1.2.1 Design Tests Based on Technical Cha;acteristics

a. Lghting data

b. Noise data

c. Temperature, humidity, and venti, 4ion data.

4.1.2.2 Design Tests Based on Equipment Ch 1aact~i

a Visibility data

b. Speech intelligibility scores

c. Work space evaluation data

dc Force/torque measurements

a. Completed design checklists (equipment dimensions, workspae, access,
controls, displays, etc.) .

f. Dexterity scores.
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4.1.3 Data Specific to Performance T oats Performance Test data are based on
HFE specialist analysis, direct measurement, and problem Identification.

4.1.3.1 Parfarmanr TeIsts Bansd on Analysis by the HFE SRMQliI|

a Error likelihood estimates

b. Workioad assessment

c. Team interaction assessment

d. New Equipment Training (NET) effectiveness assessment.

4.13.2 Performance Tests Based on-Direct Measurements

a Recorded times, rates, accuracies, etc.

b. Recorded error rates- from error reports

c. Recorded frequencies and durations of occurrence

d. Recorded consumption or quantity used

e. Recorded results of interviews/questionnaires, checklists,

4.1.3.3 Performance Tests Based on Problem identification

a Item user reported problems

b. Completed task checklists

c. Problem identified in HFE analysis.

4.2 Data Reduction rnd Presentation The degree to which the test item and its
associated maintenance and training package conforms or does not conform to human
factors engineering specifications, standards, and requirements should be presented in
narrative form. Instances of nonconformance should be supported by relevant
measurements and photographic illustrations.

4.2.1 Design Shortcomings and Deficiencies The causes and consequences of
nonconformance shall be analyzed with regard to effect on systems and mission
performance and defined in accordance with TOP 1-1-012 as a deficiency, shortcoming,
or suggested improvement. Test incident reports (TIRs) should be completed in
accordance with AMC Regulation 70-13. All q ititative measurement data (e.g.,
anthropometric, noise, illumination, temperature, 6,,.) shall be presented in tabular or
graphic form for direct comparison with the specified crileria and to show the degree of
compliance or noncompliance. The results of observation checklists and questionnaires!
interviews shall be summarized and presented in tabular form. When adequate samples
are available, the results should be submitted to statistical analyses. Any degradation of
the effectiveness of the soldier-item relationship with regard to operation, maintenance,
transport, or military utiity of the system shall be as ;essed and corrective action
recommended.

4.2.2 Statistical Analysis Where multiple measurements are taken of a particular
test item characteristic because the measurements are subject to random fluctuation,
appropriate descriptive statistics shall be calculated from these data. Applicable
statistics include measures of central tendency including the mean, median an mode and
measures of variability including the standard deviation and interquartile range.
Frequency distribution analysis includes tabulation of raw frequency data, conversion to
proportions or percent values and graphing using bar charts.
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The mat-ial montlained in this TOP does not Include detailed methods for statistical
analysis of data. Guidance for statistical treatment of data Is oontainea in stanuard
sources such as DARCOM PAMPHLET 706-103, Engineering Design Handbook-Selected 0
Topics in Experimental Statistics with krmy Applications, Dacember, 1983.

5.0 SPECIFIC TEST PROCEDURES The specific HFE test procedures described in
thii; TOP are presented in sections 5.1 through 5.20.
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45 ,.1 TEST PROCEDURE - LDGHTtv;G

5.1.1 ObJactIve The purpose of this procedure is to present test methods and
measures for assessment of workspace lighting. The procedure is primarily intended foi
internal enclosures but can be extended to external work sites to tlhe degree that
requirements for external lighting are consistent with those difined for Internal
illumination.

5.1.2 Criteria The criteria for establishing whether sufficient illumination is
present shall be those contained in TABLE XXI in MIL.STD-1472D for different work
areas and types of tasks except for blackout or special low-level lighting requirements.
The criteria for assessing display lighting are presented in TABLE XXII in MILoSTD-
1472D.

5.1.2.1 DirectGlare Glare control methods ass-.me the operator is using unaided
vision. Eyeglasses reflect glare Into the eyes If a bright light behind the viewer is
between 30 degrees above and 45 degrees below the line of sight, or if it is within 20
degrees left or right of the line of sight.

5.1.2.2 Reflected Glare Reflected glare from work surfaces is a common, but
frequently overlooked cause of reduced performance In vis.ual tasks. FIGURE 3.7 in
MIL-HDBK-759A(MI) gives acceptable ranges of reflectance values for different
surfaces.

5.1.2.3 Indicator Light Coding The coding of simple Indicator lights shall be that
presented in TABLE II in in MIL-STD.1472D and 1he criteria for group viewing of
optical projection displays shall be those in TABLE IV in MIL-STD-1472D.

5.1.2.4 Transilluminated Display Brightne= The brightness of transilluminated
displays shall be 10% greater than the surrounding surface but never more than 300%
of the surrounding surface. The brightness contrast of the figure-ground relationship
shall be at least 50%.

5.1.2.5 CRT Briohtneos The brightness of the surface around a CRT shall be from
10% to 100% of that of the CRT. None of the su,"face surrounding the CRT shall exceed it
in brightness with the exception of warning lights.
5.1.2.6 Aircrew Station Signals Lighting used in aircraft should also conform to the

criteria contained in MIL.STD-411, MIL-L-5667 and MIL-L-25467.

5.1.3 Facilities and Instrumentation

5.1.3.1 Faciliies None.

5.1.3.2 Instrumentalion Photometers, as described in Table 2-1. are used for
Illumination measurements. The photometer should be capable of measuring both
jiLuminance (in foot-candies or lux) produced by light arriving at a surface and
ilu.rnin.aance or brightness (in foot-lamberts or candela per square centimeter) emitted
by an extended source or reflected by a surface.

0
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5.1.4 Method This test will not require use of representative test participants.
The conduct of the test will have the HFE specialist acquire Illumination levels falling on
selected workspace areas, and brightness values of disrays, and perform a comparison
of obtained light values with criteria denoting the minimum allowable levels.

5.1.4.1 General Guldelinas For efficient performance of the various asks which
orews must perform, certain minimum amounts of light are required. Among the duties
of a vehicle crew, map reading undoubtedly requires the highest level of Illumination.
The amount of light necessary for gross tasks such as the location and identification of
stowage items is generally the lowest level required.

For a given task the Illumination required varies with conditions inside and outside the
shelter or fighting compartment. In the daytime, for example, crew members are
required to look out through the periscopes or other visual devices to drive the vehicle,
spot the enemy, sight targets, etc. Alternatively, they must manipulate controls, load
weapons, clear machine guns, read maps and perform other tasks Inside the fighting
compartment. Thus, the crew members' eyes are exposed alternately to outside and
inside light levels, which at times may differ over a wide range. When this difference in
intensity is great, glare results from exposure to the higher Illumination and time is
required for the eyes to become adjusted to the lower light levels Inside the fighting
compartment. During this adjustment, visual efficiency is greatly reduced, with a
corresponding reduction in ability to perform the task at hand. As noted above, this
glare problem becomes severe in the cold region environment where sunlight reflects
from snow- or ice-covered terrain.

The illumination of outside objects may not be controllable; the inside illumination of a
compartment is, and must be sufficiently bright to permit performance of all of the
necessary duties within the compartment, but dim enough so as not to interfere with
dark adaptation during night operations. A single white light bright enough for map
reading and other necessary duties may interfere with dark adaptation; and if dimmed to
where it will not Interfere with dark adaptation, it may not be sufficiently bright for the
performance of required duties. Therefore, the location, type, and intensity of light
source is important to the successful completion of a mission.

One of the most serious of all illumination problems is glare or dazzle - relative bright
light shining into the observers eyes as he/she tries to observe a relatively dim visual
field. Glare not only reduces visibility for objects in the field of view, but also causes
visual discomfort.

Direct glare arises from a light source within the visual work field. It should be
controlled by:

a. Avoiding bright light sources within 60 degrees of the visual field. Since most
visual work is at or below the eye's horizontal position, placing light sources
high above the work area minimizes direct glare.

b. Using Indirect lighting.

c. Using more relatively dim light sources, rather than a few very bright ones.

d. Using polarized light, shields, hoods, or visors to block the glare In-onfiroed
areas.
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Reflected glare refers to reflections from bright surfaces In the visual field. It snould
be controlled by:

a Using surfaces that diffuse incident light rather than reflect It without
diffuslon.

b. Arranging direct light sources so their angle of Incidence to the vuail work

area is not the same as the operator's viewing angle.

Other critical issues for lighting are as follows:

a Luminance contrast of labeling, legend lights, Indicator lights, and CRT
characters.

b. Lighting uniformity within displays and balance across groups of displays.

c. Trim range from minimum to maximum brightness of display lighting.

d. Readability of displays in full sunlight.

5.1.4.2 T The HFE specialist will identity all areas on work stations
within a test item where lighting could be a problem. Alternate light sources will be
identified for assessment (i.e., panel lighting, map light, dome light, general area
lighting, etc.). Potential glare problems in areas where the test participant is subjected
to high levels of direct or reflected light will also be identified.

5.1.4.2.1 Ambienl Illuminafion (illuminance) The HFE specialist will measure light
levels using a photometer, at areas identified in the lest plan, under conditions of
maximum and-minimum illumination for cases where the light intensity is controllable.
For all lighting tests, the ambient illumination should be measured and reported. For
work benches and consoles several readings should be made in approximately one foot
increments in a grid pattern over the surface to be evaluated. The illumination readings
shall be recorded on a data sheet reflecting the same grid patlern. Readings shall be
performed in low and daylight conditions of ambient light.

5.1.4.2.2 Display Brightness (Luminance) To measure the brightness levels of
displays a spot brightness meter or spot photometer shall be used. Several areas within
each display should be measured to identify hot spots or areas of nonuniform luminance.
Display lighting will be assessed for lighting uniformity, lighting balance, trim range
and sunlight readability.

Ughting uniformity and balance will be assessed by measuring the brightness (in foot-
lamberts) at six equally spaced points around each display surface. The spot brightness
photometer will be used for this measurement.

Trim range will be assessed by measuring the maximum brightness of each display to
ensure visibility in the brightest expected ambient environment. The decrease in
Illumination as the dimming control is operated will be assessed for smoothness and
evenness. The minimum brightness will be assessed to ensure that the display will be
visible under all expected use conditions.

Readability of displays in direct sunlight will be assessed by observlng th brightness
contrast and hue contrast of displays under all expected use conditions. Luminance
conirast measurements are used to determine brightness contrast (see paragraph
5.1.4.2,4).
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5.1.4.2.3 aflo.gl.ang. Reflectance should be measured on all oontrol panel surfaces,
work station surfaces, and other surfaces where reflected light may cause discomfort or
interfere with visibility. Reflectance Is a function of the amount of light reflected from
a surface given the amount of light falling on the surface. Therefore, measurements of
both ambient illumination (illuminance) and luminance must be made at each
measurement point. Measurement points should be establishad In a grid palttm along the
surface. The size of the grid will depend on the surface area; larger are should have a
grid of one-foot or two-foot Increments. Measurements should be taken under all
potential lighting conditions. Luminance measurements should be taken with the spot
photometer "looking" perDendicular to the surface, with the distance from the surface
dependent on the field of view of the probe. Illuminance measurements should be taken
with the photometer probe mounted flat on the surface. The measurements will be
substituted in the following formula,

Luminance (footltamberts)Reflectance =Ambien•t Illumination (foot-candies) X 100

5.1 .4.2.4 Luminance Contrast Luminance contrast measuremen'ts will be taken with a
spot orightness photometer. The pholometor will be placed so that the target fills at
least half of the viewing reticle and a measurement in foot-lamberts or candela per sq.
cm. taken. The photometer will then be positioned sc that the reticle is filled by the
background and another measurement taken. This procedure will be repeated several
times to compensate for any fluctuations In brightness and the measurements averaged.
For large surface areas such as CRT screens, several areas should sampled. Each pair of
target and background luminance measurements shoukl be substituted into the following
formula:

Contrast - Higher Luminance - Lower Luminance X 100Lower Luminance- X10

Since the numerator and denominator are both in luminance units it makes no difference
what units are used. Both numerator and denominator must be in the same units (foot-
lamberts or candela per sq. cm.).

5.1.5 Data Required The test measures will involve Illumination values of light
falling on a surface or area (in foot-candles), and the brightness levels of illuminated
displays (in foot-lamberts). Each measurement should be repeated three times and the
results averaged. Where reflectance or contrast values are required, Illumination
and/or brightness values are substituted in the above formulas.

5.1.6 Data Reduction and Presentation The analysis of data in this procedure
will be directed at identifying areas where either sufficient light is not available, or
where too much light (glare) is present. Data presentation will be in the form of line
drawings of panels, consoles or work areas with brightness data indicated for locations of
light measurements. Specific data points, such as CRT brightness, will be presented by
means of tables.

Ambient illumination at workspeces, panel or workspace reflectance, lisplay brightness
and target/background contrast values obtained from the lest will be oompared with
appropria,'e criteria from MIL**STD-1472D, MIL-HDBK759A(MI), MIL-STD-411,
MIL-L-5667, and MIL-L-25467 as described In paragraph 5.1.2. M~qsured values
which cko not meet these crtiteria will be noted.

s
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5.2 TEST PROCEDURE - NOISE MEASUREMENT

5.2.1 Objective The purpose of this test procedure is to provide HFE $ubtest
planning personnel with a description of methods, criteria, and Instrumentation
required In the assessment of noise. The test and analysis of noise will be made to
determine if noise levels produced by an item under test, or by components of that item,
present hazards to personnel P.•d/or If they meet aural non-detectabilty criteria,
speech Intelligibility coi-.:d,ations or contribute to community annoyance. Noise
assesspnent is performed to determine the effectiveness of noise prevention and
protection devices. The types of noise tests to be performed for each class of test item
are listed in TABLE 5.2-1. Citeria and methods for sound level measuremenis are also
described in MIL-STD-1474B(MI) and in TOP 1.2-608. Additional documentation for
specific noise test types is listed in Appendix F of Part I.

Table 5.2-1. Noise Tests to be Conducted

MIL-STD-1474
Test Requieet

U - I *5NOISE TESTS l 30 •
C --

HEDGE Test Item Classes and Subclasses ro ,0 ,'C O w 4:u , 4C"
I. VEHICLES ,esp

A. Maneuvering
S. Air .

C. Non-Maneuvering
II. WEAPONS

A. Indlvldual
B. Crew-Served
C. Ammunition

Ill. MATERIEL HANDLERS
A. Soldier-Operated
B. Soldier-Monitored

IV. ELECTRONICSiSIGNALS
A. Sensors
9. Informatlon/Command-Control Systems

V. OPERATIONAL SUPPORT
A. Maintenance & Repair Equipment
B. Materiel Prod. I Environmental Control
C Major Construction Items ..

Vi. TROOP SUPPORT EQUIPMENT

A. ConsumablesI
S. Clothing
C. Personal Equipment
D. Living & Working Areas

0 
' 2
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5.2.2 Criteria The types of noise of concern In this procedure Include steady-state
and Impulse noise. Criteria for acceptable noise levels and for the Identification of
hearing protection requirements are contained in MIL.STD.,1474B(MI). Additional
criteria which are applicable to aircraft are provided In MIL-A-8806, MIL-S-
008806, and MIL-STD-12SW4 Ctillarls for shipboard equipment are provided In MIL-
STD-740- 1.

5.2.2." BlA*L D&1IU Steady-state noise Is a periodic or random variation In
atmospheric pressure at audible frequencies. The durationi of the variation exceeds one
second atrid It may be intermittent or continuous,

Steady-state noise definitions end measurement procedures are provided in MIL-STD-
1474B(M!). Steady-state noise %hafl be within limits for categories of personnel-
occupied areas as specified in Tables 1 and 2 of MIL-STO-1474B(MI). Steady-state
noise limits for aircraft are specified in MIL-A-8006.

5.2.2.2 Ln jJ -oj Impulse noise is a short burst of acoustic energy consisting
of either a single impulse or a series of impulses. The pressure time history of a single
impulse Includes a rapid rise to a peak pressure, followed by somewhat slower decay of
the pressure envelope to ambient pressure, both occurring within one second. A series
of impulses may last longer than one second.

Impulse noise definitions and measurement procedures are provided in MIL-STD-
147413(MI). Impulse noise shall not exceed the limits for peak pressure level, A-
duration and B-duration specified in MIL-STD-1474B(MI) or with special require-
ments established for the system under test.

5.2.3 Facilities and Instrumentation

5.2.3.1 E~al;'iLt~ia

5.2.3.1.1 Stationaly Qpe~iltjon T~ests

a. For movable test items: Select an open area of uniform grade that is free of all
sound -reflecting surfaces 'such as buidings, trees, hillsides, or signboards)
and interfering sound sources within 30.5 meters (100 tt.) of the test item and
sound measuring instrumentation, The terrain surface midst be either paved or
stone, hard dirt, or other material having similar acoustic character~stics.

b. For test items permanently mounted: Test the item on site and state the
conditions of the test repoor1.

c. MIL-STD-1474B(Ml) states that when practical, the backg;round noise level,
Including wind noise, shall be at least 10 dR belove that of the equipment noise
being measured. but shall always be at least 10 dB below Ow crierix. (There is
an exception for aural non-detectability. See 5.2.4.6)

5.2.3.1.2 Interiot N~oise TeatL The following ccurses are required:

a. Vehicle course: A smootn, atraight, paved~ roar.1 that Is level iiind free of all loose
gravel ol, other foreign matter, ýung enough to allow the vehi,40 tV accelerate to
two-thirds of the maximum rated engine speed or two-thirds of the po~sted
vehicle speed In all forward gears and to rnalrilain that spied for oit least 30
seconds: and free of all sound reflecting surf~as for a disianoe of 100 &t 1.30.5S
meters) on each side. For tracked vfehicles without rubber pails, a similar course
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of compact earth having a cone index in the range of 100 to 150 is required
unless otherwise specified.

b. Watercraft course: A body of water of sufficient area an smoothness to permit
normal operation and maneuvering of the craft at maximum operational speeds.
For pass-by tests, the area must be free of large obstructions (large piers,
breakers, etc.) for a minimum of 100 ft. (30.5 meters) from the course the
craft is to follow. Place three marker buoys in a straight line 50 ft. (15.2
meters) apart to mark the course.

c. Rotary Wing Aircraft Course: Rotary wing aircraft should be tested using the
criteria and guidance in MIL-STD-1294.

5.2.3.1.3 Exterior Noise Tests These tests require a smooth, straight, paved road
that is level and free of all loose gravel or other foreign matter; at least 200 ft. (61
meters) in length; and free of all sound-reflecting surfaces for 100 ft. (30.5 meters)
on each side. *For tracked vehicles without rubber pads, a similar course of compact
earth having a cone index in the range of 100 to 150 is required unless otherwise
specif;td.

5.2.3.1.4 Aliral Non-detectability Tests For these tests select an open area of
uniform grade; with a uniform, flat, grass surface free of tall vegetation, snow, or other
sound absorbing materials; and free of sound-reflecting surfaces for a radius at least
260 ft. (80 meters) from the center of the area. For stationary tests of extremely
low-noise-level items, use an anechoic chamber.

5.2.3.1.5 Speech Intelligibility Tests When possible, use the natural environment
of the test item (i.e., its normal position of intended use) when testing against speech
intelligibility criteria. One of the following will usually be required:

a. Open-field facility: An open field, free of all large buildings or high hills that
would reflect or block sound energy, and having an ambient noise level equal to or
below 50 dB(A).

b. Closed-room facility: A room or chamber similar in acoustic characteristics to
the location in which the test item is used. Vehicle communication sets are tested
in the vehicle(s) in which they are intended to be used. The ambient noise will
vary with respect to the facility, and if no facility is specified, use 50 dB(A) as
the maximum allowable ambient pressure level.

5.2,3.1.6 Air"Conditioner Tests These tests require a chamber with an acoustical
tile ceiling and a movable wall to provide a room of the size for which the air conditioner
was designed. The room should be empty except for sound measuring instrumentation
and electrical heater banks.

5.2.3.2 Instrumentation

5.2.3-2.1 Steadv-State Nolse Sy=tem Steady-state noise measurement and recording
equipment Is described in TABLE 2-1. A sound level meter will suffice for surveying
locations for high noise levels or If the test plan calls for a weighted average sound
pressure level measurement. Where octave band frequency analysis i..neoessary, a
recording and frequency analysis system will be necessary. Instrumentation should meet
the following requirements:
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a. Microphones shielded against wind effects, having a flat response at grazing
incidence (900) or having an essentially flat response at normal Incidence (00)
shall be used. A random incidence corrector should be used with a one-inch
microphone. Microphones must have a flat frequency response between 20 Hz and
18kHz.

b. Sound level meters conforming to the requirements for Type I Is specified by
ANSI S1.4.

c. Octave band filter sets confcrming to the requirements for Type E, cJass II as
specified by ANSI SI.11.

d. Magnetic tape recorder having a flat frequency response from 20 Hz to 18 kHz
(:. 2 dB).

e. Frequency analyzer providing dB(A), dB(B), dB(C) and octave-band levels.

5.2.3.2.2 Impulse Noise System Impulse noise measurement and recording equipment
is described in TABLE 2-1. Instrumentation should meet the following requirements
from MIL-STD-1474B(MI):

a Microphones/transducers having a flat dynamic response of t2 dB over the
frequency range of 20 Hz to 70 kHz are required. Microphones having the
appropriate dynamic range and rise-time characteristics should be used for
measurements up to approximately 171 dB; transducers (blast gauges) should be
used for measurements above 171 dB; both having suitable conditioning
electronics.

b. Frequency modulated (FM) magnetic tape recorder: Having a frequency response
up to 80 kHz (L 0.5 dB).

c. Digital oscilloscope or other suitable equipment to digitize peak intensity and
duration of impulse noise.

5.2.3.2.3 Alternate Noise Instrumentation Any noise recording devices, components,
or combinations of instrumentation used as pail of or in lieu of the above items shall
conform to ANSI S6.1 and applicable provisions of ANSI S1.4.

5.2.4 Method Noise measurement Is required whenever there Is a question whether
or not noise levels associated with a test item would present problems for:

a The health, safety, and performance capability of operators/maintainers.

b. The capability to conduct normal communications among operators/ maintainers.
c. The detectability of the item by enemy personnel.

d. Community annoyance.

5.2.4.1 General Guidelines Long duration exposure to high levels of noise may result in
permanent loss of hearing capability. Personnel exposed to high noise levels are affected
In terms of their performance capability. The effects of noise on peetornnance can be
direct effects where the noise field adversely affects the person's ability to perform
operations. The effects are also indirect in that noise generally leads to fatigue which in
turn results in performance decrements.
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Exposure to noise also impacts performance through its effect on the capability to
communicate. The effect of noise on communication must be deiermined both during the

I time that personnel are exposed to noise, and Immediately after the exposure if
personnel are in a situation where a high level of hearing ability is required (e.g.,
hearing whispered commands Immediately after disembarking from a personnel
carrier).

The effect of noise on detectability of an Item In a combat situation also needs to be
determined in an assessment of the noise levels associated with an Item. However, the
assessment of aural non-detectability would be conducted only if specifically required by
the procuring agency.

Noise measurement generally involves sampling and recording noise intensities over the
frequency range under representative operational conditions. The obtained noise
measurements are then compared with noise limit criteria which specify maximum
acceptable levels for personnel safety, communications, non-detectability and
community annoyance.

However, it must first be determined if the item tested requires noise measurement. If
the item has a source of noise incorporated in its operation, the HFE specialist should
assess the likelihood of problems resulting from the associated noise. Where problems
can be anticipated, a noise measurement test shall be incorporated into the HFE subtest.
Also, as an insurance against the possible occurrence of unknown harmful effects, or
when in doubt, a noise measurement test should still be performed.

Guidelines for assessing whether or not a noise lest is required include:

a. The assessment used by the HFE specialist should be based on past experience
with similar items having similar noise sources. If this experience is not
available, the HFE specialist should arrange to inspect a sample test item which
is fuky activated or powered.

b. Determination should be made of the expected effects of noise on human
performance, communications, safety, and health.

c. A sample of types of hem components which should be assessed include:

( 1 ) Motors, engines, and other power equipment
(2) Mechanical devices
(3) Weapons
(4) 4Air conditioners, fans, blowers, etc.
(5) Moving vehicles (wheeled or iracked)
(6) Aircraft.

When measuring noise, the following meteorological conditions should also be deter-

mined:

a Temperature

b. Humidity

c. Barometric Pressure

dc Sky Cover

a. Ground Cover (especially snow conditions)

f. Wind Velocity and Direction.
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5.2.4.2 General Test Conduct - Steady.State Nogis

a. Determine measurement locations relative to the noise aoutce. In general,
measurements we made at all personnel positions or at locations called out in the
test plan. See TOP 1-2-608 for additional test conduct Information. Make a
sketch showing the location and orientation of test item and each microphone
location with respect to the test site.

b. Select appropriate facilities and Instrumentation from that listed in paragraph
5.2.3.

c. Ensure that all Instrumentation used has a valid calibration certification. Make
an instrumentation calibration check at the test site prior to, during and
Immediately following the test measuring a sound of known frequency and sound
pressure level using the microphone and recording system installed.

d. Equip all vehicles with a calibrated tachometer and speedometer.

e. When possible, select new vehicles for the test - vehicles that have completed the
prescribed break-in time. Inspect for normal operation in accordance with the
appropriate specification and to insure that all auxiliary equipment in
continuous use when the vehicle is In motion is installed and operating normally.

f. Load all load-carrying eehicles (trucks, trailer, forklifts. etc.) with two-thirds
of their usual rated payloads.

g. Install all panels, canvas, louvers, and equipment.

h. Check and adjust tire pressure or track tension to that prescribed for the load.

i. Check installation of safety equipment such as guards, mufflers, and warning
devices.

j. Install all noise-producing auxiliary ecquipment normally used.

k. Prepare an acoustical test data sheet. Record information on the test item, the
time and place of test trials, and the conditions under which the test is to be
conducted. If steady-state noise data are to be recorded for later analysis, use
recorded voice messages on the tape to identify the data.

IL All personnel exposed to hazardous noise or blast levels must wear appropriate
hearing protection. Personnel who will be occupationally exposed to steady-state
noise levels above 85 dB(A) shall be entered in a hearing conservation program
as outlined in TB MED 501.

m. Weapon systems shall be remotely fired for all noise Rests described in
paragraph 5.2.4.9.

n. During tests, neither the operator nor crew members shall occupy the
location(s) where the noise Is being measured unless they are esental to the
operation of the test item and thhe hearing protection provided Is capable of
reducing the expected noise to nonha.zardous levels. When the pribnice of one or
more operators Is required, the sensinji' transducer will be mounted 6 in. (15
cm) from one ear of each persen: for i!rnpulse noise measurements - 6 In. (15
cm) to the right of the right ear. If a wall or other reflecting surface Is less than i
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12 in. (30 cm) from the ear, the microphone will be Fositioned equidistant from
the ear and that surfar*. If necessary, a microphone car be helmet-mounted.

o. When no operator Is present, the measurement shall be made at the center of the
expected head positions. For standard test purposes,, this positiun will be 60 in.
(150 cm) above the ground plane for standing psrsw:nnel. For aural non-
detectability tests, the microphone height will be 4tV ini. ('.2 m) above the
ground. For measurements at seated personnel positions, the miophone height
will b3e 31.5 In. (80 cm) above the seat. Microphones t-houtd be secured In place
using tripod mounts or other methods.

p. Ambient noise ievel for steady-state noise tests shall be at least 10 dB below the
noise being measured.

q. Tests are not conducted when wind velocities exceed 12 mph (54 m/s) or during
active precipitation. Microphones shall be shielded from wind effects under all
conditions.

r. When the ambient temperature changes more than 5°F (2.8°C) during the
conduct of the test, instrumentation calibration shall ýDe performed after each
series of measurements (5.2.4.2c).

s. Tests will be conducted with the test item configured and operated as expec ed
during field training or combat conditions.

t. If equipment requires an external power generato, or other similar aids, the lest
will be conducted with all appropriate subsystems operating.

Steady-state noise test procedures depend on the measur6ment objectives of the test ind
on the test item class. Types of steady-state noise tests inc.lude the following:

a. Noise levels at operator posit ons relative to the test item

b. 85 dB contour mapping

c. Aural non-detectability testing.

Details of the test procedures vary according to the test item (.lass and, in the caseo o)f
maneuvering vehicles, whether the vwhicle is stationary or moving.

5.2.4.3 Stationary EguiDment - Steady-State Noise Tests

5.2.4.3.1 Generators. Pumgs. Heaters. and Other Power EI,,1pipnI

a. Place microphones at the approximate centers of tle probable head positions of
all operating personnel and at positions 5 ft. (1.5 ml from each side and each ernK
of the test item, 60 in. (150 crr) above the ground plane.

b. Operate equipment in a manner most similar to ifs normal operating condition.'
and record dB(A), dB(C), and octave-band pres;ure levels a( all microphone
locations. When the noise generated by operating conditions varletdue to Io&d,
"sped, or other reasons, conduct ihs test under thtit condition which produces the
highest noise level.
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c. When the operating noise level exceeds 85 dB(A) at a distance of 5 ft. (1.5 in),
determine tbe distancer and directions from the noise source at which the noise
level Is equal to 85 dB(A). Make as many readings as necessary to accurately
plot an 85 dB(A) conto0r curve (See Paragraph 5.2.6.1a).

5.2.4.3.2 AJL...kid•illila

a. Mount the air conditioner In one end of the wall of the air oondhioner test
facility, with the evaporator side protruding at least 4 In. (10.2 cm) inside the
wall as shown in FIGURE 5.2-1.

Movable Walld#

3 0 , ---- 3 0 0

48 in./ (122 cm

Microphone

(Typical)

A I r 4 in. 110.2 cm)Conditioner 1

p/

48 in.

(122 cm)

"45 c= 45

Figure 5.2-11. -Air Conditioner Tomt Setup
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b. Record the sound pressure level at three lacations inside and three locations
outside the test chamber as follows:

(1) Inside: On a centerline perpendicular to the evaporator grille, 300 to the
left, and 30- t toe right of the centerline. All positions are 48 in. (122
cm) from the center of the grille mncl 48 in. (122 cm) above the floor.

(2) Atside: On a centerline perpendicular to the condenser grille, 450 to the
lelt, and 450 to the right of that centerline. All positions are 48 in. (122
cm) from the center of the grille and at a height on line with the center of
thes grille.

c. Operate the air conditioner at Its maximum cooling capacity (coldest temperature
setting anid maximum blower speed) and record dB(A), dB(C), ar'd octave-band
pressure ievels at each microphone location.

5.2.4.3.3 Parksed Vehicles

a. Place r,,iicrophones 6 in. (15 cm) to the right of the driver's right ear and at the
cenler of the probable head location of the assistant driver, crew members, and
passengers.

KTE. When the occupants consist of a group of five or more persons in vehicles
such as personnel carriers and buses, a noise survey will be made of all occupied
spaces, and five positions covering thr, range from the highest to the lowest noise
levels will be selected to represent th' noise level for the entire crew.

b. Operate the vehicle at idle and at two-thirds of the maximum rated engine rpmn or
two-thirds of the posted vehicle speed. Operate vehicles having torque converters
at stall conditions. Observe appropriate limitations on idle and small operations to
prevent overheating or damage.

c. Construct an 85 dB(A) contour curve around the exterior of the vehicle,
recording at as many positions ass necessary so accurately draw the curve
(5.2.4.3.1c above).

d. Record dB(A), dB(C) and octave-band pressure levels at all interior microphone
locations with windows open and again with windrws closed.

e. Make additional noise measurements as necesosiy at all crew, positions in the
vicinity of any auxiliary equipment, such se, heaters, blowers, and hydraulic
pumps, with the engine at idle speed.

f. Rotary wing aircraft should bhe tested using the criteria and guidance in MIL-
STD-1294.

5.2.4.4 Movi•g Equipment. lnterjg~r Noise

5.2.4.4.1 Wheeled Vehicles

a. Conduct steady-state noise measurements at Interior operalor positions with
microphone placement as In 5.2.4.3.3a, but with the vehicle moving over a
paved test course.
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b. Operate the vehicle at two-thirds maximum rated engine speed or two-thirds of
the posted vehicle speed in each of its forward gears over a paved test course

-(paragraph 5.2.3.1.2), with any auxiliary/ equipment that adds to the overall
noise level (e.g., heaters, blower, air conditioners) in operation.

c. Record dB(A), dB(C) and octave-band r~essure levels at each mirbophone loca-
tion for each geat range with the window;s or hatches both open and closed.

5.2.4.4.2 Tracked Vehicles Conduct the test as in 5.2.4.4.1 above except that when
the tracks are without rubber pads, operate the vehicles on compact earth.

5.2.4.4.3 Smal aJJr.... (Applies to craft having fixed positions for crew and
passengers and sound generated only by the propulsion unit.)

a. Place a microphone at the approximate ear positions of the operator, each crew
member, and each passenger.

b. Operate the craft in calm water - waves of 6 in. (15 cm) or less- at five
evenly spaced speed increments from slow to maximum speed.

c. Record dB(A), dB(C) and octave-band pressure levels at each microphone loca-

tion for each speed.

5.2.4.4.4 eac•, af (Applies to vessels with multiple sources of noise.)

a. Operate the vesse! in vaters not to exceed moderate seas - waves of 3 ft. (0.9
m) or less - at varying speeds up to and including top speed (flank).

b. Conduct a noise survey of the pilot house, crew compartment, engine rooms, and
work areas under all itonditions of vessel operation using a sound level meter.
With all special equipnent normally used in that compartment operating,
determine positions of maximum noise.

c. Place a microphone in the area o' maximum noise of each compartment and
record the dB(A), and octave-band pressure levels for the condition of vessel
operation that producers the most noise.

d. When cargo handfing, vehicle movement, or pumping operations are part of the
normal working opera~tion of the vessel, conduct a separate test of each of these
operations while the vessel Is noored.

5.2.4.4.5 Rotary Wing Aircr~lj Conduct the test using guidance in MIL-,TD-1294.

5,"9.4.5 Moving EouimenL. Exterior Noise (Drive-Bvl

5.*2.4.5.1 Motor Vehicles (SAE j T0. 1-2-60

a. Place a microphone 50 ft. (15.2 m) from, and perpendicular to. the conterline
of the vehicle path a1s shown In FIGURE 5.2-2, 5 ft. (1.5 m) above the gmound
plane. Place a mariter 50 ft. (15.2 m) in front of the microphone centerline.

b. If a sound level melfir is being used, set the meter for fast response on the A-
weighted network,
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c. Operate the vehicle toward the marker at two-thirds maximum rated engine
speed or two-thirds of the posted vehicle speed, In a gear that will allow the
vehicle, w~hen fully accelerated, to reach the maximum engine speed between 10
and 50 ft. (3 and 15 m) beyond the m'crohone centerline without exceeding 35
mph (56 Km/h) before reaching the end line.

Acceleration
Point Point A',.

100 ft. (305 m)--/ "
S60 ft. 100 ft.,' 100 ft. • 0 f. -. J(30.5 m)

S(30.5 m) (18.3 m)

Sso ft.
0(152 m)

Vehicle Path - __ __ _

so 50 ý \ Zone in Which

(15.2 m) to Reach
ttMaximum RPM

Microphone ,.

%%* ~10O0 ft. o*

"(30.5 m)

Ur- r imit of Closest
SSound Absorber

'• or Reflectionl

* II i

Figure 5.2-2. Motor Vehicle ",'st Course

d. Observe the sound level meter during the period that the vehic!e is accelerating
aind record maximum dB(A) val .... as the vehicle is driven past the microphone.
The applicable reading is the hig,,est sound level obtained for the run (ignoring
peaks caused by extraneous ar 'Jient noises).

a. Make at least three measurements on each, side of the vehicle unless ft becomes
obvious after the first run that one side Is definitely higher In sound level.Report Ow sound level for the ide of the vehicJe with the highest 4ilings.

e f. Report the sound level as the pverage of the two highes, readings that are within

2 dB of each other.
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5.2.4.5.2 Powered Mobile ConstruEtion Eauiam=nt (From SAE Procedure J-3668; for
further details see SAE J88A.) Conduct this test using the same procedure as in
5.2.4.5.1 above except:

a Place the microphone 50 ft. (15.2 m) from, aind perpendicular to, the longest
side surface of the equipment being tested as ,•hown in FIGURE 5.2-3, 4 ft, (1.2
m) above the ground plane.

b. Operate slf-propeiled equipment In a forward Intermediate gear over the
prescribed course as shown in FIGURE 5.2-3 at full governed engine speed.
Operate hydrostatic or electrically driven equipment as nearly as possible to
one-half its maximum ground speed.

c. Test scrapers, spreaders, waier distributors, and other equipment having major
noise-generating machinery with that machinery in operation.

0

. -
- 4 S

100 ti, 100 ft.
(30.5 m) (30.5 m)" \ j33 ft. 33 ft.

hMle Path n Vehicle Width

100 ft, 0nstant

(15.2 mo) (30.5 m)

a, 100 It.
"" (30.5 rn) ."

_° Limit of Closest
..... Sound Absorberor Nefiec.o.

Figure 5.2-3. Powered Mobile Construction
Equipment Test Course
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52.24.5.3 W/Ya.t.e r,.a.t

0a. Place a microphone 50 ft. (15.2 m) from the line described by three ccurse
markers on a dock, a floating platform, or another boat. Position the microphone
so that it is perpendicular to the line of markers, opposite the center marker at
4 to 5 ft. (1.2 to 1.5 m) above the water surface, and not closer than 2 ft. (0.6
m) to the surface of the dock ur platform on which the microphone stands.

b. If a sound level meter is being used, set it for for fast response on the A-
weighting network.

c. Operate the craft so that it passes within 1 to 3 ft. (0.3 to 0.9 m) of the far side
of all three markers with the engine operating at the midpoint of the full-
throttle rpm range recommended by the manufacturer.

d. Observe the sound level meter while the craft is passing the markers and record
the maximum dB(A) reading.

e. Make at least three measurements for each side of the craft.

f. Report the sound level for each side of the craft as the average of the two highest
readings.

5.2.4.6 Aural Non-detectability Tests Se!ect from Table 3 of MIL-STD-1474B(MI) a
measurement distance that corresponds to the nominal non-detectability range desired
or requested by the requirements document. Unless otherwise specified, the octave band
pressure levels measured at the "measurement distances* must not exceed those values
listed in the table for any band if non-detectability is to be achieved at the corresponding
distances. If the ambient noise is less than 10 dB below the level of the test item, the use
of conventionai background roise corrections is permissible (ANSI S1.13). If the test
item is small and meets the safety requirements, the test may be conducted in an
anechoic chamber. When measuring the noise of a large item at close distances, the
measurement distance must be more than three times the major dimension of the item.

5.2.4.6.1 Vehicle Stationary - Silent Wal.

a. Place a microphone 4 ft. (1.2 m) above the ground plane at a measurement
d&starice selected from Table 3 of MIL-STD-1474B(MI).

b. Record the ambient sound pressure levels in each octave band with the vehicle
comnpletely silent.

c. Place the vehicle in a silent watch condition: i.e., radio, rangefinder, and other
electronic equipment turned on and all other noise-producing devices or
equipment turned off.

d. Make a noise survey around the vehicle using a portable sound level meter to
- determ:'•e that side which produces the maximum noise. Orient the vehicle so

that the noisiesf side faces the microphone and record the sound pressure levels
in each octave band.

5.2.4.6.2 Vehicle Stationary- Combat Readiness Repeat the procedure described in

paragraph 5.2.4.6 1 above with the vehicle engine at Idle and all heaters, weapon
systems, and electronic instruments operating.
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5.2.4.6.3 Y.licL .b.ig

a. Place the microphone in the center of a circle of 164 ft. (CrO m) radius and
record the ambient sound pressure level in each octave band.

b. Operate the vehicle in both clockwise and counterclockwise directions at p•eeds of
5, 10, 15, and 20 mph (8, 16, 24, and 32 km/h) and recoi-d the sound pressure
level in each octave band.

NOTE: If there are variations in the sound pr'essure ievel with respect to
vehicle position on the course, use only those positions prodicing the
highest readings to determine the nondetectable distance.

5.2.4.6.4 EouiDment at Idle (Standby Condition)

a Place the microphone at the selected distance from the test item. While the item
is completely silent, record the ambient sound pressure level in each octave
band,

b. Turn on the equipment to its lowest operable condition (idle) and again record the
sound pressure level in each band.

NOTE: Orient the test item so that the side of the test item generating the highest
noise level is facing the microphone, Make an octave band analysis at this
point.

5.2.4.6.5 Eguipment at Maximum Working Condition Use the procedure described in
paragraph 5.2.4.6.4 above except with ihe test equipment at its normal maximum load
condition. je2tign: If, by reducing or increasing the speed or working condition of the
test item, the noise level increases, conduct the test at that speed or condition that
produces the higher noise level unless it is detrimental to the test item to do so.

5.2.4.7 Soeech Intelligibilitv Terts For equipment that requires effective oral
communication among crew or passengers for field employment, a speech intelligibility
test may be necessary. Such a test is particularly important if the sound pr.ssu~r(
levels recorded at each significant crew or passenger position (as determined in
accordance with 5.2.4.3 or 5.2.4.6 above) approach or exceed the noise limits stated in
paragraph 5.1.1 of MIL-STD-1474B(MI). When required, the speech intelligibiity
iest is conducted as described in Test Procedure 5.5.

5.2.4.8 Tyvical Duty Cycle Tests When the typical duty cycle noise level is specified
by the requirements document, determine the equivalent continuous noise level (Leq*)
of the test item as described in MIL-STD-1474B(MI).

5.2.4.9 General Guidelines - Imoulse Noise For test purposes, Impulse noise is
defined as short burst of acoustic energy consisting of either a single impulse or a series
of impulses. The pressure-time history of a single impulse inctudes at rapid rise to a
peak pressure, followed by a somewhat slower decay of the pressure envelope to ambient
pressure, both occurring within 1 second. A series of impulses may Last kone, than 1
second. The following data are required for the evaluation of impulse noises:
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a Peak pressure level in dB or psi.

b. A-duration: The time required for the initial pI;,sltive pressure pulse to rise
from ambient pressure to peak amplitude and return momentarily to the ambient
level (See Figures 8-11 in MIL-STD-1474B(Ml)).

c. B-duration: The total time that the envelope en'c rnpassing successive pressure
fluctuations (positive and negative) of the primary portion of an impulse noise
is within 20 dB of the peak pressure level, plut; the time intervais that any
subsequent fluctuations (reflective pulses) are within 20 dB of the peak
pressure level (See Figures 8-11 in MIL-STD-14743(MI)).

5.2.4.10 pene1alITet..rocedure mIulse Noise The followirng procedures apply to
all impulse noise tests that follow.

a. Determine measurement locations relative to the noise source, in general,
measurements are made at all personnel pIsitions or at locatcons called out in the
test plan. See TOP 1-2-608 for additional test conduct infornmation. Make a
sketch showing the location and orient!tion of test item and each
microphone/transducer location with respect to the test site.

b. Select appropriate instrumentation in accordance with paragraph 5.2.3.2. When
the expected pressure levels are in excess of 171 dB (6.9 kPa or 1 psi), use
suitable pressure transducers (e.g., blast gauges); when expected levels are
below 171 dB (6.9 kPa or 1 psi), use fast-response microphones, Record
impulse noise with an FM tape recorder having a flat (t0.5 dB) frequency
response up to at least 80 kHz. (If speed reduction techniques and direct readout
devices &re used in the analysis of the recorded noise data, the frequency response
characteristics of the devices must be at least proportionally equivalent to the
characteristics of the recording device.)

c. Ensure that all instrumentation used has a valid calibration certificatior. Mae
an instrumentation calibration check at the test silo prior to, durng and
immediately following the test measuring a sound of known frequency and sound
pressure level using the microphone and -ecording system installed.

d. Prepare an impulse noise data form showing the microphone positions used.
Flecord peak pressure level in dB and A-duration and B-duration in suitable time
units for Pach microphone location and each replication of the te:t (weapon
firing, ete.). Record information on the test item, the time and place of test
trials, and the conditions under which the test is to be conducted. Use recorded
voice messages on the tape recorder to identify the data.

e. All personnel exposed to hazardous noise or blast levels mus, wear appropriate
hearing protection. Personnel who will be occupationa!ly exposed to peak
pressure levels of impulse noise above 140 dB shall also be entered in a hearing
conservation program as outlined in TB MED 501.

f. Weapon systems shall be rornotely fired for all noise tests described in
paragraph 5.2.4.9.

g. During tests, neither the operatoi nor crew mpmbers shall occupy the
location(s) where the noise is being measured unless !hey 3re essontia, to the
operation of the test item and the hearing protection provided is capable of
reducing the expected noise to n,)nhazardous levels, When the presence of ,ns or
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more operators Is required, the sensing transducer will be mounted 6 in, (15
crv) from one ear of each person: lor impulse noise measurements- 6 in. (15
cm) to the right of the right ear. If a wall or other retlecting surface is less ihan
12 in. (30 cm) from the ear, the microphone will be positioned equidistant from
the ear and that surface. If necessary, a microphone can be helmet-mounted.

h. When no operato! Is present, the measurement shall be made at the center of the
expected head positions. For atandard test purposes, this position wlI be :6 in.
(150 cm, above the ground plane for standing personnel and 31.5 In, 180 cm)
above the seat for seated personnel. Microphones should be secured in place using
tripod mounts or other methods.

i. Ambient noise level for steady-state noise tests shall be a! least 25 dB bek'w the
noise being measured,

j. Tests are not conducted when wind velocities exceed 12 mph (54 m/s) or during
active precipitation. Microphones shall be shielded from wind effects under all
conditions.

k. When the ambient temperature charges more than 5°F (2.8"C) during the
conduct of the test, instrumentation calibration shall be performed after each
series of measurements,

I If impulse noise measurements are to be taken at operator positions within a test
.Lem (such as a vehicle), tests will be conducted with the test item configured ard
operated as expected during fie'd training or combat conditions.

m. Measure peak pressure level, A-duration and B-duration from data recorded
during each of at least three separate tests. Use the arithmetic means of the peak
pressure levels, A-durations and B-durations from these (three or more) tests
(if consistent) to define the impulse ncise when the range of peak pressure levels
does not exceed 3 dB. If the range of peak pressure levels exceed 3 dB, conduct
additional tests until the number of measurements equals or exceeds the range in
cie.

n. When possible, lake data analysis equipment to the test site to determine whether
the peaks of the recorded impulse noises are within the 3 dB range. If analysis
equipment cannot be taken to the tesi site, fire additional rounds/detonations (if
economically feasible) or arrange additional Impacts (paragraph 5.2.4.13) to
provide greater assurance of an adequate test,

o. To map a 140-dB noise contour curve:

(1) Place a transducer 5 ft. (1.5 m) above the ground plane as close to the
lest item as is considered safe (in accordance with associated guidance
docojments) and on each 300 radial line centered at the test item
(paragraph 5.2.6.2c). If the weapon can be considered symmetrical,
measurements may be made on one side only.

(2) Place a second series r4 transducers, a third series of transducers twice
the distance as the second, and finally a fourth series of transducers twice
the distance as the third. From 'his configuration of transducers, a 140.
dB noise contour curve around the test item can be predicted by
Interpolation.
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5.2.4.11 Weapon Firing Tests Conduct the following tests on an appropriate firing
range (paragraph 5.2.3.1.7). Unless otherwise stipulated, position all weapons under
realistic conditions comparable to those employed in combat or training missions.

5.2.4.11.1 Hand-Held and Shoulder Weaoons

a Mount hand-held and shoulder weapons in a test firing fixture with their barrels
or tubes 5 ft. (1.5 m) above and parallel to the ground plane.

b. Mount one sensing transducer at the center of the probable head position of the
operator and another sensing transducer 6 ft. (2 m) to left or right of the muzzle
at the same height as the muzzle.

c. Remotely fire these rounds allowing enough time between rounds for the noise
pulses from the preceding round to decay to ambient before the next round is
hired. When automatic weapons are tested, it may be necessary to load the weapon
one round at a time.

d. Record peak pressure, A-duration, and B-duration for each round.

5.2.4.11.2 Rifle with Grenade Launcher

a. Mount the rifle in a test firing fixture with the rifle butt resting on the ground
and the barrel elevated to its maximum safe position for launching grenades.

b. Mount one sensing transducer at the center of the probable head position of the
operator and another transducer 6 ft. (2 m) to the left or right of the muzzle at
the same height as the muzzle.

c. Launch at least three grenades and record the peak pressure, A-duration, and B-

duration of each launching as outlined in paragraph 5.2.4.10c.

5.2.4.11.3 Machine Guns (Triood Mounted)

a. Mount the machine gun in a test firing fixture representative of its normal
tripod mounting condition.

b. Mount a sensing transducer at the center of the probable head position of each
crew member, and mount another sensing transducer 6 ft. (2 m) to the left of the
muzzle at the same height as the muzzle.

c. Fire three separate rounds with enough time between rounds for the pulse
envelope to decay to ambient before the next round is fired. Record peak
pressure, A-duration and B-duration in accordance with paragraph 5.2.4.10c.

5.2.4.11.4 Recoilless Rifles

-a. Mount the recoilless rifle in a firing fixture so that the tube Is 5 ft. (1 .5 m)
above and parallel to the ground plane.

b. Mount a sensing transducer at the center of the probable head poillon of each
crew member (gunner and assistant gunner), and mount additional sensing
transducers at Pis many positions around the weapon as necessary to describe the
noise contour curve (paragraph 5.2.4.10e).
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c. Fire a minimum of three rounds and record peak pressure levels, A-durations,
and B-durations at the crew positions and the peak pressures around the test
item to establish the 140-dB noise contour curve. *1

5,2.4.11.5 Mgrtars

a Position the weapon for remote firing so that the mortar tube is facing
downrange.

b. Mount a sensing transducer at the center of the probable head position of each
crew member; mount another sensing transducer 6 ft. (2 m) to the left or right
of the muzzle at the same height as the muzzle; and mount additional sensing
transducers at as many locations as necessary to accurately describe the noise
contour curve (paragraph 5.2.4.10e).

c. Conduct tests with the weapon positioned at both the minimum and maximum safe
tube elevations.

d. Fire a minimum of three rounds and record the peak pressure levels, A-
durations, and B-durations at the crew positions and the peak pressures around
the test item to establish the 140-dB noise contour curve.

5.2.4.11.6 Small Arms Mounted in Vehicles

a- Mount the weapons in or on the vehicles as they would be under normal combat or
training conditions.

b. Position the vehicle to create the most severe noise conditions with respect to the
crew members (e.g., gun firing directly over the hatch of a crew member) when
firing the weapon downrange.

c. Mount a transducer at the center of the probable head position of each crew
member while in a seated position.

(1) With the vehicle hatches closed, fire the weapon and record sound
pressure level, A-duration and B-duration at each crew position.

(2) Repeat the above test with the hatches open.

d. Mount a transducer at the center of the probable head positions of all crew
members simulating their heads protruding from an open hatch. Fire the weapon
and record the data as in c above.

5.2.4.11.7 I'g d Artillery

a. Position the weapon on an appropriate range in the same manner as it would be
used for the training of personnel. Elevate the muzzle to the position (within the
range safety limits) that produces the highest noise level achieved in normal fire
(excluding direct fire).

b. Mount a sensing transducer at the center of the probable head posttlon of each
crew member and instructor and mount additional sensing transducers at as many
locations around the weapon as necessary to accurately construct a 140-dB noise
contour curve (paragraph 5.2.4.10e).
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c. Fire the weapon as many times as necessary, but a minimum of three, to
establish the peak pressure, A-duration, and B-duration for each transducer
location in accordance with paragraph 5.2.4.10c.

5.2.4.11.8 Self-Prooelled Artillery (Open Mount)

a. Position the vehicle on an appropriate range so that the gun is facing forward
with respect to the vehicle and downrange. Raise the muzzle to the elevation
(within the range safety limits) that produces the highest noise level.

b. Proceed with the test as in 5.2.4.11.7 above.

5.2.4.11.9 Self-Prooelled Artillery (Closed Mount or Turret)

a. Position the vehicle on an appropriate range so that the gun is facing forward
with respect to the vehicle and downrange. Raise the muzzle to the elevation
(within the range safety limits) that produces the highest noise level.

b. Mount a sensing transducer at the center of the probable head position of each
crew member while seated in the vehicle. All hatches are to be closed during
firing.

c. Mount a sensing transducer 50 ft. (15.2 m) to the left or right of the muzzle and
5 ft. (1.5 m) above the ground plane (to represent an adjacent vehicle).

d. Fire the weapon as many times as necessary, but a minimum of three, to
establish the peak pressure, A-duration and B-duration for each transducer
location in accordance with paragraph 5.2.4.10c.

5.2.4.11.10 Air Defense Weapons

a Position the weapon on an appropriate firing range so that it is facing downrange.
Elevate the gun muzzle to the position (within the range safety limits) that
produces the highest noise level achieved in normal firing.

b. Mount sensing transducers at the center of the probable head positions of all crew
members and operating personnel, and mount as many sensing transducers
around the weapon as necessary to accurately map a 140-dB noise contour curve
(paragraph 5.2.4.10e) around the weapon.

c. Fire the weapon as many times as necessary, but a minimum of three, to
establish the peak pressure, A-duration and B-duration for each transducer
location in accordance with paragraph 5.2.4.10c.

5.2.4.12 Explosive Ordnance Tests For these tests, noise-measuring efforts are
concerned primarily with determining the area of noise hazard around the ordnance item
rather than at an operator position.

a. Mount as many sensing transducers around the ordnance item as necesary to map
a 140-dB noise contour curve (paragraph 5.2.4.10e).

b. Record the peak pressure level, A-duration and B-duration at each transducer
location for as many detonations as considered feasible. The arithmetic averages
of the peak pressure level, A-duration and B-duration for as many devices as
were detonated will constitute the final results.
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5.2.4.12.1 Min a
a. Plant the mine as directed by the operational procedure in an oen field and set it

for remote detonation.

b. Follow the test procedure in 5.2.4.12 above,

5.2.4.12.2 Grenades

a Place the grenade in an open field 5 ft. (1.!, rr) above the ground plane,

b. Follow the test procedure in 5.2.4.12 above

5.2.4.12.3 ism.l

a Place the bomb on the surface of a field or oher materiel for which tho bomb was
designed, Prepare the bomb for remotE. detcration.

b. Follow the test procedure in 5.2.4.12 above.

5.2.4.12.4 Demolition Charges

a Place or mount the demolition charge in or on a simulated fixture lor which the
charge was designed 5 ti. (1.5 m) above the ground plano.

b. Prepare the demolition charge for remote det. nation.

c. Follow the test procedure in 5.2.4.12 above.

5.2.4.13 Materiel Other Than Weaoc'ns and F..jQosive Ordnance Items such as
machinery (drophammers, iackhammers, etc.) and impact tools that produce impulse
noises are tested not only against impulse noise ":,teria but also against steady-state
criteria when appropriate. For impulse noise tests a minimum of five separate
impulses are required to establish the arithmetic rn',ans of peak pressure level, A-
duration and B-duration as described in paragraph 5.4.4.10c.

5.2.4.13.1 Stationary Machinery (e.o.. Drgohammer,

a. Since these test items are not portable, they may be tested within an enclosure,
the most suitable of which is the room or area of their intended use.

b. Place sensing transducers af the center of the pi'obable head positions of all
operators, helpers, and maintenance and oserver pzr,;onnel.

c. Mount as many transducers around the test item as necessary to accurately
record and map a 140-dB noise contow curve ot ;he item (paragraph
5.2.4.1Oe).

d. Operate the machine using the operation and materiel that causes the highest
noise level.

e. Make as many machine operations as necessary to assure completiriess: of noise
data for the determination of peak pressure level, A-duration B-duration and the
noise contour curve.
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5.2.4.13.2 Portable Machinery .

a. Conduct these tests in an open arra free of all rifiecting surfaces and where the
ambient sound pressure level is at least 25 dB below the values expected during
the tests.

b. Mount sensing transducers at the center of ;he probable head positions of the
operator and all other personnel required in the area during the operation.

c. Mount as many transducers around the setup as necc ;sary to accurately record
and map a 140-dB noise curve Df the item (paragraph 5.2.4.1Oe).

dL Operate the equipment using the ooeration and materiel causinp the highest noise
level and for as many operation!; as necessary to determine peak pressure level,
A-duration, B-duration and the noise contour curve.

e. If the portable machinery requJ res other equipment in support of its operation
(such as generators or air compressors), test the supporting equipment also for
its steady-state noise level as indicated in 5.2,4.13 above.

5.2.5 Data Required

5.2.5.1 SteadywState Noise Record the following data for each test:

a Test nomenclature and iden 'fication data.

b. Test item condition (e.g., hatch positior, with or without muffler, percent
load, speed, etc.).

1* c. Test site (surface, terrain, etc.).

d. Type of tvst (stationary, hilghway, drive-by, etc.).

e. Meteoroloilical data (temperature, humidity, barometric pressure, sky
cover, wind direction, and velocity).

f. Nomenclatjre, model and scrial numbers, and manufacturer of all
instrument.; used.

g. Test conduc',rx and equipment operator.

h. Microphone locations.

i, Sound levels in dB(A), dB(C;), and in each octave band.

j. Noise contour data (distancen and directions from the equipment at which 85
dB(A) is rreasured).

5.2.5.2 . Record the following data (as applicable) for each test
conducted.

a Test item nomenclature and identification data.

b. Type oi ammunition for explosiva charge.

c. Test Item condition (type mount, hatch position mounting method, etc.).

d. Components and on board equipment included.

e. Metecrological data (temperature, humidity, barometric pressure, sky
cover., wind direction, and velocity).
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"f. Nomenclature, model aid serial numbers, and manufacturer of all
instruments used.

g. Test conductor and equipment operator.

h. Microphone locations.

I. Peak pressure level, A-duration and B-duration measuiements of Impulse
noise for each microphone location.

j. Noise contour data (distance and directions from the ten;t item at which 140
dB peak is recorded).

5.2.6 Data Reduction and Priosentation

5.2,6.1 _Steady-State Noise

a. Tabulate all direct sound level meter measurement data jsing a data collection
sheet similar to that in FIGURE 7 of MIL-STD.1474BMI).

b. When data are recorded on magnetic tape, analyze the data in the laboratory
for each specified requirement. If a requirement is not specified:

( 1 ) Analyze the data for dB(A), dB(C), and octave-band sound levels in each
octave band.

( 2 ) Extract a portion of each test segment from the magnetic tape and
perform a frequency analysis.

c. Present data taken for 85-dB(A) contour curves as shown in FIGURE 5.2-4.

d. When required, compute the equivalent continuous noise level (Leq°) as
described in MIL-STD-1474B(MI).

e. Assess the noise conditions referring to the steady-state noise level crileria S
in MIL-STD-1474B(MI) for the following, as applicable:

( 1 ) Minimum distance personnel may approach without hearing protection.

(2) Type of hearing protection required.

(3) Type of communication possible.

(4 ) Distance of probable communication.

(5) Speech intelligibility.

(6 ) Maximum detectable distance.

(7) Primary sources of noise (i.e., exhaust, track3, stc.).
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or tondelrmie whther amus nosimulataeoris loud ma~gnetic repreette acusigal

device, only peak pressure levels are required and are reported by round
number.

c. Present data taken for 140-dB contour curves at. ;ho~wn In FIGUWRE 5.2-5.

d. Assess the noise condition referring to the irnpulEse nois;e level crite~1a in
MIL-STD-1474B(MI), for thsi following as app0,ca~le.
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( 1 ) Minimum distance personnel may approach the area without hearing
protection.

(2) Type of hearing protection required.
(3) Maximum detectable distance.

0•

240-1 1 8 1200

.Motors 0 5 10 15 20 25 30 35 40 45

1800

Figure 5.2-5. Typical 140 dB Noise Contour Curve
for a Weapon Firing Test
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5.3 TEST PROCEDURE
*• TEMPERATURE, HUMIDITY, AND VENITILATION MEASUREMENT

5.3.1 Objective The purpose of this procedure is to present methods and criteria
for the evaluation of temperature, humidity, ancl ! entilation. The procedures outlined in
this section apply to enclosed areas that have r;ontrols for these environmental factors
and to enclosures that meet these provisions with the exception of Wet Bulb Global
Temperature (WBGT), which applies to the outJoor environment and to enclosed areas
without any means to control these environmental factors.

5.3.2 Criteria

5.3.2.1 Air Temperature. Humidity and Ventilation Criteria Dry-bulb air temperature,
humidity and ventilation criteria are provided in paragraph 5.8.1 of MIL-STD-1472D
in connection with requirements for heating, air conditioning and ventilation equipment.
Additional criteria and methods are provided in documentation listed in Appendix F of
Part I. The following criteria are applicable to test items which have personnel
enclosures.

a Heating shall be provided within mobile personnel enclosures utilized for
detail work or occupied during extended periods of time to maintain interior
dry bulb temperature above 500F (100C). A minimum cf 68°F (20 0 C) shall
be maintained within permanent and semi-permanent facilities. Heating
systems shall be designed such that hot air discharge is not directed on
personnel.

b. Adequate ventilation shall be assured by introducing a minimum of thirty
Scubic feet per minute per person into any personnel enclosure;

approximately two-thirds should be cutside air. Air shall be moved past the
person at a rate less than 100 fpm (30 mpm) if possible to preclude loose
papers from being blown off work suriaces. Intakes for ventilation systems
shall be so located as to minimize the introduction of contaminated air from
such sources as exhaust pipes, etc,

c. Air conditioning shall be provided if the effertive temperature within
personnel enclosures utilized for detail work (luring extended periods exceeds
85 0F (29 0 C). (See FIGURE 38 in MIL--STD-1472D). Air condit;oning
systems shall be designed such that cold-,Lir discharge is not directed on
personnel.

c. Humidity values should approximate ,45 percent relative humidity at 70°F
(21°C). This value should decrease with rising temperatures, but should
remain above 15 percent to prevent irritation and drying of body tissues,
ei.g., eyes, skin, and respiratory tract. (See FIGURE 40 in MIL-STD-
'1472 D).

e. In providing for heating and coo"'ng of enclosed areas, it is important that the
temperature of the enclosed area be held relatively uniform. The temperature
of the ar at floor level and at head level should not differ by more than 10°F
(6-C). -

f. When special protective clothing or personal equipment, Including full and
partial pressure suits, fuel handler suit3, body armor, cold regions clothing
and temperature regulated clothing are required and worn, a comfort micro
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climate between 68 0F (20-C), 14 mm Hg ambient water vapor pressure and
95°F (35°C). 3 mm Hg ambient water vapor pressure shall be maintained by
heat transfer systems.

g. Temperature and humidity exposure should not exceed the tolerance limits
given in FIGURE 40 in MIL-STD-1472D when corrected for air flow rate.

h. In addition to the specific criteria cited above, Information Is presented below
of a more general nature but useful to the HFE specialist in his/her overall
evaluations of the environment.

(1 ) During the summer, the comfort zone is between 650F and 750F (18°C
and 240C). During winter it is 63°F to 71°F (170C to 220C).

(2) Humidities between 30 and 70 percent generally ,'epresent the
comfortable range. Humidity values should approximate 45 percent
relative humidity at 701F (210C).

(3) The [ftrene tempeiature for seated personnel is measured 24 inches
above the cet reference point (S.R.P.). In cold environments, cab
compartmerts shouid maintain a temperature no lower than 50°F
(10°C) (dry bulb).

(4) Temperature measures (dry bulb) should ibe taken at the floor level,
hand use, and head and face areas, and at various body positions. The
temperature should not vary more than 15"F (80C) above and 100 F
(60C) below the reference temperature. 'rhe heating syrtem should
achieve these requirements within one hour after it is turned on.

(5) TABLE 5.3-1 indicates general effects of temperature on human
subjects.

(6) FIGURE 5.3-1 indicates the relationship between temperature And
humidity as it affects the general ccrmort of the individual.

(7) Skin temperatures as they relate to different degrees of comfort are
presented in TABLES 5.3-2 and 5.3-3.

(8) FIGURE 5.3-2 shows the effects of coWd water with no exposure suit.

(9) Windchil! Index (Wl) is an empirical expression which evaluates the
effects of air movement and air temperatures on the environment's total
cooling power. FIGURE 3-3 in MIL-HDBK-759A(MI) gives values for
WI as a function of wind speeds and air temperature. A WI of 1200
Indicates a requirement for protection of !he human.

i. Prolonged exposure of an ungloved soldier to effeciive temperatures below
55 0 F (130C) often results in a *stiffening* of fingers, which degrades
performance in tasks requiring manual lexterity.

J. A soldier wearing arctic clothi.•g should not be exposed, while sitting quietly.
to temperature higher than 60°F {160C); a temperature oL35°F to 45°F
(20C to 70C) is probably optimal.
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Table 5.3-1. General Effects of Temperalure
on Human Subjects

Ambient
Temperature

°F -C Effect

160 71 Tolerable for about 1/2 hour
120 4 9 Tolerable for about 1 hour
85 29 Menial activities slow down, responses slow, errors begin
75 2 4 Physical fatigue begins
65 18 Optimum
S 0 1 0 Physical stiffness of extremities begins

Temperature (1C)
20 25 30

80 ,I

70 Fo!s Damp
60 Fls Hat

6Feels Dry

65 70 75 80 85 90
Temperature (°F)

Figure 5.3-1. Comfort as a Function of

Temperature and Humidity

05
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Table 5.3-2. Comfort Range Versus
Skin Temperature

Skln
Temperature

OF OC Comrfort

98 36.7 Very H1ot
96 35 6 LUnpleasantly warm
94 34 4 Indifferonfly warm
93 33.9 Comforlable
91 32.8 Comfortably cool
88 31 .1 Indifferetntly Qool
86 30.0 Unpleasantly oiol
84 28.9 Extremely cold

'Table 5.3-3. Comfort Range Versus
Hand and Foot Temperature

Hand Foot
Temperature Temperature

F C °F °C Comfort

68 20 73 23 Minimum
59-68 15-20 64-73 18-23 Tolerable
50-59 10-15 55-64 13-18 Iniolerable Pain
50 10 55 13 Numbness

Temperature (C)
5 0 5 10 15 20 25

6,

IN 1

00

04X

0 2

W

0
2 30 40 50 60 70 so

[2L3 Temperature (0F)

Figure 5.3-2 Life Expectancy In Cold Water
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I. In "old-weathor ope atlons, crew heating is required for offil1ent tank
op.pration. Owing to tihe gre il mass of steel involved in the design of most
armored vehicle fighting coripartments, it Is doubtful whether a heater of
Cuffi.i3nt capacity can be installed for general heating of an entire fighting
compartmnernt. Local spcce heating at the crew positions will normally be
noeded. To minimize po•wer requirements for local space heating, tht soldier
will still require significant protective clothing. This also means that space
must be allowed in lhe engineering design for the soldier with his protective
clothir~g erive!ope. In addition, space heating can be minimized for well-
clothed soldiers by providing auxiliary heat for the extremities.

m. Heating shall be provided within permanent end semipermanent personnel
enclosures utilized for detail work or occupied for prolonged periods of time
to maintain interior dry bulb temperature of 68°F (20 0Ci.

n. There should be provisions for regulating the amount of heat the heater
delivers, with devices like shutters, louvers, fan-speed controis or fuel-
proof carburetors.

5.3.2.2 Surface Contact Temoerature Criteria femperaiure limits for unprotected
skin corntact with surfa,7es are given in paragraph 5.13.4.6 of MIL-STD-1472D.
Surfaces that personnel touch such as (j.arshift levers, steering wheels, dash controls,
seats, side panels, compertment walls, etc should have low heat corductivity.

5.3.2.3 Wet QbaI Ttmoerature The Wet Bulb Global Temperature index (WBGT)
is the most comprehensive measure for characterizing the effect of a neat stress
environment on humans. FIGURE 5.3-3 indicates the upper limits of exposure for
unimpaired me'Nal, performance (Ocupational Exposures to Hot Environments, US
DHEW, HSM 72-10269). WBGT definitions and measurement procedures are contained
in ISO 7243. Measures include the following:

a Normal WBGT index using dry-bulb, wet-bulb and global temperature

sensors

b Modified WBGT index used in direct sunshine

c. Weighted WBGT which uses three sets of sensors located at the height of the
head, abdomen and an)0es.

d. Maxlrhum one hour WBGT index which is the maximum value of mean WBGT
recorded over any one hour period.

The following are general guidelines for application of the WBGT index (TB MED 507, p.
14):

a When the WBGT Index reaches 78°F (26 0C), extremely lwitense physical
exertion may precipitate heat exhaustion or heat stroke: therefore, cautionshould be taken.

b. When the WBGT index reaches C2°F (28°C), discretion should be used in
planning heavy exercise for un.easoned personnel. ud

n 55



1s MAy 1090 TOP 1-2-610

45-

S 9 0

1oO

"I SO2S0 , | ...

0 N120 190 240

Exposure Time (Min.)

Figure 5.3-3. Upper Limits of Exposure for
Unimpaired Mental Performance

c. When the WBGT reaches 85°F (29gC), strenuous .exeruise such as marching
aI standa'd cadence shol be suspended for unseasoned personnel durirg
their first ihree weeks of training. At this temperature, training activities
rrmay oe cortinuad on a reduced scale after the second week of training.

1 Outdoor cla3;es in the sn should be avoided when the WBr3T exceed: 850
(29-C),

a. When the WBGT reaches 83F (3'10C1, strenuous exercise should be
curtbiled foý all recruits and other traine•,s wit?, WsE. 1han 1.2 weeks !raining
In hot weeaher. Hardened personnel, after having been acclimatized each
season, can carry on limitec' activity at WBGT of 88°F to 900F (310C to
3:,°C) for perods rot exceeding six hours a day.
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f. When the WBGT index is 90 0F (320C) and above, physical training and
strenuous exercise should be suspended for all personnel (excluding essential
operational commitments not for training purposes, where the risk of heat
casualties may be warranted).

g. Wearing of body armor or NBC warfare protective uniforms In effect adds
100F (6°C) to the measured WBGT. Umits should be adjusted appropriately.

5.3.3 Facilities end Instrumentation
5.3.3.1 f 1QLitie Noma,

5.3.3.2 Instrumentation Instruments used for temperature, humidity and ventilation
meaSurements include thermometers, psychrometers, air velocity meters and a heat
stress monitor which measures WBGT. These are listed in TABLE 2-1.

5.3.4 Method

5.3.4.1 General Guidelines While the effects of temperature on human performance
and physiology are not thoroughly understood, certain extremes of temperature have
been demonstrated to have detrimental effects. Moderately cfnmplex tasks without
physical exertion are satisfactorily completed in r•,latively high temperatures.
However, for increasng task complexity or for physical or mental stress, tt';i maximum
temperatures must be lowered for continued work effectiveness.

The combination of temperature, ventilation and humidity produces effects which are
different than those produced by each factor individually. An evaluation of any one factor
must therefore give consideration to the other factors. When temperature is measured,
for example, humidity and ventilation should also be measured.

The remainder of this procedure applies to environmental measurement under conditions
where the enclosure has and where it does not have provisions for varying internal
temperature, humidity, and air flow. In those enclosurcs where controls are available
for varying the environment, measurement will be conducted for the accuracy of these
controls.

5.3.4.2 1jr.teion of Conditions In planning a test of temperature, humidity and
ventilation, the initial step is to identity the conditions under which the test will be
accomplished. These wil include:

a. Manning level - enclosure empty, minimal manning, and maximum manning.

b. Time of day or shift.

c. External temperature, humidity, wind velocity, sky cover, and ground cover
(snow or ice).

The next step is to identify the measurements to be made under the selection conditions.
These include:

a Dry bulb temperature - at one location within the enclosure for
approximately each five square, feet of floor space.

b. Humidity at the same locations within the enclosure.
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c. Air flow rate and volume at the same locations.

d. WBGT measurements at locations where heat stress is to be evaluated.

5.3.4.3 TestLSetup A test stand will be used which shall be at least six feet tall and
easily movable. Thetmometers, humidity sensors, and air flow rate sensors will be
mounted on the stand in the following manner:

a. Thermometers- at floor level and at each two foot increment in the vertical
direction up to and including six feet from the floor.

b. Psychrometer. four feet above the floor level.

c. Air flow rate meters - at two and four feet.

Provisions shall be made for measuring the environmental parameters with the room
empty, staffed at minimal level, and staffed at the maximum level. Tests will be
scheduled to include measurements at different times of the day and shift, and with
varying external temperature and humidity levels.

For the control accuracy measurement, a set of temperature and ventilation levels is
pre-selected. The temperature and ventilation levels are manipulated to the selected
levels, and measurements are made of the degree to which resultant enclosure
temperature and ventilation match the control values and of the time lag incurred in
reaching these levels.

5.3.4.4 IeLt Oondual Temperature, humidity, and ventilation will be measured under
the follr'wing conditions:

a For every five square feet of enclosure floor space there should be a test stand
mounted with instruments as described above.

b. Measurements are made prior to the start of workday or shift, and then at
four hour intervals into the shift. Measurements are also to be made at four
discrete times of day: dawn, noon, dusk, and midnight.

c. Measurements are made with the enclosure empty, minimally manned, and
maximally manned.

d. Measurements are made under varying conditions of external temperature,
humidity, wind velocity, snow and ice, measured at each of the four sides of
the enclosure or on those sides which face the external environment. (This
will apply only to large enclosures. For tents and vehicle cabs only one
external measurement location is necessary.)

e. Air flow volume measurements are made at the duct. The duct opening should
be divided into small grids, and a measure of air velocity made at each grid
section with a hot wire anemometer. The measurement should be averaged
and substituted in the following formula:

Flow volume (cu. ftJmin.) - Velocity (tt./min.) X Duct Area (sq. ft.)

For multiple duct enclosures, the quantity of air for each duct should be
summed.
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f. Surface temperature should be measured where there exists a potential for
soldier contact with hot surfaces. A surface temperature probe should be
used to measure at least five spots that are equal distance on the surface. The
temperatures should be averaged. Specific hot spots should be noted.

g. Where heat stress Is anticipated, WBGT measures will b~e taken Including the
"normal and modified WBGT indexes, the weighted WBG T index using head-,
abdomen. and ankle-height sensors, and the maximum one hour WBGT index
as appropriate.

Specified temperatures and air flow rates are sequentially selected via heat, air
conditioning, and blower controls. After a period of thirty minutes, measures of
temperature, humidity, and air flow rate will be made under conditions and procedures
as described above.

5.3.5 Data-, Required

5.3.5.1 Environmental Measures Mean values of dry-bulb air temperature, humidity,
and air flow rate will be computed for each manning condition, each time of day and shift,
each external environment condition, and each vertical and horizontal location
independently. Touch surface dry-bulb temperatures and WBGT measures will be
reported where these are appropriate. The mean values should be comparecd with the
criteria described in paragraph 5.3.2.

5.3.5.1 Control Accuracy Measures Data for the assessment of environmental Control
Accuracy include the control settings used, the resulting temperatures and air flow
rates/volumes, and the time interval required to reach these levels

5.3.6 Data Reduction and Presentation The data shall be compiled and
separated into two categories. One category shall be Environmental Measurements and
the other Control Accuracy Measurements. Within each category exist specific
comparisons by degrees, percentages, and rates between criteria established and
measurements taken.

Those measures which fall outside of limits prescribed by the criteria listed in
paragraph 5.3.2 should be tabulated separately under a discrepancy list.

In addition to measurements that can be compared to specific criteria with quantitative
limits, there may exist data for which there are no minimums and maximums
established. This material should be assessed, where applicable, with reference to
information provided in the latter portion of paragraph 5.3.2 (sub-paragraphs (1)
through (9)). Where such comparisons can be made, those areas that do not meet
desired standards should be added to the discrepancy list.

The discrepancy list should be reviewed and recommendations made for each problem
encountered. The data should be presented in tabular form.
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5.4 TEST PROCEDURE - VISIBILITY' MEASUREMENT

5.4.1 Objective Trhe purpose of this test procedwe is to describe test methods arid
measurements for as~sessing visibility (other tWan lighling) from or within a test Itemn.
The factors influencing visibility Include field o3f vic~w (unobstructed), distance to and
orientation of oomporients requiring visibility, and vieiviing media (fog, rain, clear air,
glass, ýclng on glass, t~lowing snow, kC4 fog).

5.4.2 Criteria

5,4.2.1 Viza~.l AnglAUt

a. A vehicle driver shallI have a 1800 (3.14 rai) field of view forward (;±900
(1.6 rad) from the centerline).

b. A truck driver 3hould be able to see the road at a point 10 ft. (3 m) in front
of the vehicle. Upward visibility shall exten~d at least to 150 (0.3 rad) above
the horizontid.

c. Maximum eye rota!ion without head movcment is 400 (0.7 rtd) up, 200
(0.35 red) down, and t. 350) (0.6 red) laeerally.

d. Maximum head rotation is 1000 (1.75 rad) up-down. and 12CO (2.1 rad)
right- left.

e. Maximum eye and head rotation is 900 k1i .6 red) up and down, t± 950, (1.7
rad) laterally.

f. Aircraft personnel shall have a field of view as defined in MIL-S`TD-650B3

Additional criteria anid 'nethoids for measuremert oft he field of view from vehicles are
provided in TOP 3-2-812.

5.4 .2.2 Elpec magný.j,n The radii of Fiqjure 49 in MitL-STD-1472D defines a
surfirce of revolution within which a satisfactory s-ymretrical eyepiece and cup must be
designed if interfaces with facial features are to te avoided.

5.4.3 Facilities and instrumentation

5.4.?.1 E~ac~~iiins To adeq~uately determine "ýsibility outside a vehicle, a hard-
surf-,ced area is necessary to measure visual arigies and distances. Ideally, this area
Shot. d have a grid overlaid on like surface to use lor measurement reference points.

5.4.3.2 Instrumentation
a. Measuring tape . 100 ft.
b. Surveyor's transit
c. Surveyors level rod.
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5.4.4 Methods

5.4.4.1 general Guidelines Visibility measur,,ments should be required whenever an
item user must: view through windows, port htoles, periscopes, etc., associated with the
item: visually acquire and recognize components of the Item; read displays and labels
mounted in or on the item; use optical devices ,ssocialed with the item.

5.4.4.2 Selection of Conditions

a Test participants shall be representative of the 5th to 95th percentile in:
eye to seat height for seated operations; or eye height for standing operations.
Participants shall be screened for visual anomalies and classified in the
normal range (corrected or unorrected) in visual acuity, depth perception,
color vision, and phoria.

b. Some test participants should ýe Nearing eyeglasses for situations where
glare is an expected problem.

c, Test parlicip3nt clothing shoulc be representative of use to the extent that
such clothing can influence the cipecific test (effects of helmet on visual
envelope, etc.).

d. Representative item operations 1,,ill be used to the extent that they could
require a configuration of the it:;rm or item components which could affect
visibility.

5.4.4.3 g Identify item cornponý nts which restrict visual angles (windows,
accesses, mirrors, etc.).- Acquire criteria data on roquired angles if available. If
visibility outside a test item is to be assessiad, the test item should be placed on a flat,
hard surface area. TOP 3-2-812 descrbes procedures for determination of fields of
vision from vehicles.

Select components to be visually acquired ard identified in the test. Consideration should
be given to components (controls, displays, 'abels, test points, etc.) which appear to be
partially or totally hidden at all times or u,.der certain item configurations, and which
are required to be visible to the palicipant. The HFE specialist should consider
maintenance activities as well as normal operating procedures for 1he selection of
components. If ambient light is ide.'tified as a factor influencing user performance, a
range of light levels shall be ,stablit)ad c: c"over the range of representative lighting
conditions.

Select target displays and iebels which iapp~ar to present a problem for reading in terms
of display or label location, siz6, shape, clrientation, lighting, scaling, or arrangement
with other displays and labels, and in term:, of participant size and clothing conditions.
Select display illumination levels to ;ove, the range available under different and
representative levels of ambient light. Table III in MIL-STD-1472D details mechanical
display applications. The Design Chec;klisý:; for Labels, Manuals & Markings and for
Displays provided in Appendix B of HFDGE- should be consulted to identity visibility/
reading requiremanta and these should bo considered in selecting visibility/reading
targets.
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5.4.4.4 TestLQQad.L=

5.4,4.4.1 ViMl aiogej~ Determine visual angles by nesi~surinrg the dimensions of the
window, access, or mirror, and the distance to the eye. For vilf Wing blocks, perform the
measurements as illustrated in FIGUR~E 5.4-1. Visual angles of displisys, controls, and
cock~pits of aircraft can also be measured by using a surveyor's tranisit placed at the
design eye height for the 5th and 951h percentile personnel.

Vertical Viewing Angle Through Vision Mocks

Eye to Block to Maximnum~
Vlewing Viewer Block Vertical Virowing
Position Percenflle Distance Scale Angle IRemairks

_ _ _ _ _ _ A B C _ _ _ _

Figure 5.4-1. Sample Form for Measu-ement of Viewing
Angles Through Vision Mio.Ioks

.5.4.4.4.2 1ntorior Visibility Test participants are placed at the work station in the
normal operating position and are asked to find specif~ displays or labels. No
familiarization or training on display/label location should b, given to offset mem',ry
effects, and all participants should begin the test at the same i~erneral level of familiarity
with the item. The HFE specialist starts a timer or stop watch with the command to find
a display, and stops the timer when the display or label has býeei located.

Test participants i- the prescribed work station are requested to read labels andl display
values or nomwic oture for labels and displays Indicated lo them by the The HFE
specialist. The Th a HFE specialist measures the time frorr command to the correct
response. -

5.A.4.4.3 £E1 jr jjisjity Evaluate optics and glass wiidows, etc. (if applicable)
by having subjec's view thro.igh them. 'Vary internal illumnination from minimum to
investigate pott~nti~if glare effects of the media.



IS May 1600 TOP 1-2-610

Evaluate~ fields of view from vehicles by plotting visibility contour maps using a data
collection form similar to that provicecl In Appendix A of Part 1. (See TOP 3-2-812).
The tesi object: should be placed so that the operator position Is at the conter of the
circle. Using a surveyor's level rod or similar device, thio The. HFE specialist should
ditermine where the visibiit:ý conto~ur lies for the 51h and 95th percentile soldier.
Sample visbfty contour maps are pr~esented In FIGURE 5.4-2.

2? a
3"

,w~~ sia oilv a-
no ~ ~ 'A_____________
all e~Am

Figure 5.4-2. Sample Visibility Contour Maps

3.4.5 Data Required

5.4.5.1 £isal Anglgu Record the dimensions of the visual angles of the window,
access, mirror, display, control, windshields.

5.4.5.2 113ternal Vkeibility Record time to access and accuracy of fliding compo-
nenlts; record time to read and accuracy of reading labels.

5.4.S.3 External Vkisbi!itv Record visibility contour maps.
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5.4.6 Data Reduction and Presentation

0 5.4.6.1 V.itu•!. __Angle Compare obtained visual angles wlth criteria provided in
paragraph 5.4.2.1. Depict angles pictorially (both obtained angles and criteria).

5.4.6.2 Internal VisibiIity

a For visual location of components, compute probability of component visual
access as function of time - for 5th percentile and 95th percentile
participants. Determine if body size affects visibility of components, Identify
problem areas, including:

( 1 ) Insufficient illumination or glare.

(2 ) Obstructed vision.

(3) Poor component location.

Present data pictorially or graphically, as applicable.

b. For display and/or label reading, compute probability of correct display
reading as a function of time for 5th and 95th percentile participants.
Determine if body size affects display reading capability. Identify problem
areas including:

(1) Insufficient illumination or glare.

(2) Inappropriate orientation oj disp!ay/label to the viewer.

(3) Inappropriate location of display/label.

(4) Inadequate scaling or character size.

Present d3ta in tabular form.

c. For eyepiece components, the radii of tho eyepiece components (Figure 49 in
MlL.-',TD-1472D) should be applied to cushion forms when they are
com; essed to the maximum. These data should be presented pictorially.

5.4,6.3 Ex. .. L. b Compare obtained visibility contours to the criteria in
paragrapi'i 5.4.2 1 and the lAP, IEP or TDP. Depict the visibility contours on visibility
contour maps.

0
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5.5 TEST PROCEDURE -SPEECH INTELLIGIBILITY

0 J5.5.1 Objective The purpose of this procedure is to describe test methods and
measures for assessment of speech intelligibility associated with voloe oommunication
equipment, accessories, end instruments, 2nd ancillary equipment such s:

a. Radio sets - fixed, portable, and mobile (AM, FM, and SSB).

b. Radio- wire integration equipment.
c. Communicatlon security equipment.

d. Telephone sets,

e. Megaphones - electionic.

f Public address systems.

5.5.2 Criteria Auditory presentation factors for tones and complex sounds, as well
hs speech, which should be used are given in TABLE V in MIL-STD-1472D. The types of
signals which shall = be used because of possible confusion in the operational
environment are noted in paragraph 5.3.4.3.6 of MIL-STD.1472D. Criteria and
methods are also provided in TOP 6-2-521. The intelligibility criteria provided in
oaragraph 5.3.12 and TABLE VI in MIL-STD-1472D shall be used for voice
communication. The efficiency of communications needed, and the type of material to be
transmitted shali determiic', which of the three commjnication requirements of TABLE VI
is to be selected. Speech intelligibility measures include the following:

a The Phonetically balanced (PB) word intelligibility test (ANSI S3.2)
requires a talker and listener. Single words are spoken and are reported by
the listener. Speech intelligibility is measured based on listener perfor-
n'anoe,

b. Modified Rhyme Tests (MRT) require a talker and listener. Single words are
spoken in a carrier sentence and the listener indicates the word on a
multiple-choice form which includes rhyming confusion words. Speech
intelligibility is measured based on listener performance.

r. The Articulation Index (AI) does not use lal;kers or listeners. Speech
Intelligibility is predicted by obtaining octave band noise measurements aid
applying a formula. FIGURE B-18 in MIL-HDBK-759A(MI) shows the
velationship between the Al and the intelligibility of various types of speech-
test materials

Advantages and disadvantages of the speech intelligibility measures are discussed in
par3graph 5,5.4.4.

5.5.3 Facilities and Instrumentation

5.5.3.1 F clte

a. Test range for ground wave or line-of-sight propagation radio equipmenW.

b. Appropriate test sites for intermediate and long range sky wave propagation
riadio equipment. -

c. Test range for wire and/or cable communication equipment.

d Test range for public address type equipment.
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e. Appropriate communication system for test control.
C. Appropriately equipped maintenance shop van to support outlying test

gtations.
g. Appropriately equipped repair facility !o support base station.

5.5.3.2 iansU.tntaion

a Sound level meter with octave band filter set as described in TABLE 2-1 and
section 5.2.

b. Voice channel noise measuring set.

c. High fidelity audio tape recorde;-reproducer and micropnoie.
d. High fidelity loudspeaker-amplifier for usa, with audio tape recorder-

reproducer, if required.

5.5.4 Method The methods described here for &ssessment of an item for its effect on
speech intelligibility require the use of test particip3nts as listeners and talkers. The
general approach involves having selected talkers verbally prosent standardized words
or sentences which listeners hear and record. The adequa•,y of the communications
equipment is determined by computing the percentage of messages correctly received and
recorded. Noise measurements and calculation of the Articulation Index does not require
test participants. This method is carried out by applying noise measurement techniques
described in section 5.2 to the communications channel. The raw data are then analyzed
as described in ANSI S3.5, in section B.i.1.5.3 of MIL-HDBK-759A(M;), and in
Chapter 5 of Van Cott and Kinkade (1972).

5,5.4.1 General Guidelines An underlying philosophy ol this procedue is to 9
eliminate from consideration those variables affecting speech intelligibility which are
not related to the equipment being tested.

In tests of communications equipment, it is important that the content of the messagp not
be a variable factor in speech intelligibility tests. Tharefnre, over repeated test periods,
messages are used that are of equal difficulty to comprehend. Because of possible
learning effects the same messages should not be repeated to the same operators,

Consequently, the lists chosen for this procedure have nearly the same phonetic
composition. Rare and unfamiliar words have been avoided as much as poss'ble. The
speech sounds used are representative of conversational speech. The various speech units
are balanced and lists are approximately equal in difficulty.

5.5.4.2 Test.5lannina Conduct a thorough study of the requirements documents,
contract specifications and test directives to ensure that complete and suitable speech
intelligibility test criteria are selected. Study thoroughly the item(s) being tested to
include operational and technical characteristics pertinent to speech intelligibility.

In order to preclude the use of an individual with abnurmal hearing or speech who might
have an impact on test results, all test participants must be screened for hearing or
speech disorders. Each test participant must have n hearing test administered by a
qualified technician at a health clinic. Personnel must have Class A hearing (no
significant hearing handicap) in the better ear. TABLE B-3 In MIL.HDBK-759A(MI)
shows Class A hearing to be the &r,,;lity to hear a sound less than 25 dB at 500, 1000,
and 2000 Hz in the better ear. Additionally, test participants must be given a baeli.,e
speech discrimination test using a phonetically balanced word list or modified rhyme
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test list to assure that all test participants possess rormal speech iritelligitliity (9s3.
100 percent at a sound lvvel 40 d8 above the Sptxch Reception Thres,',okJ (SRT)).

5.5.4,3 TetSeu The test equipment, which may be radio. wire, or- PA will be sew
up to perlorm its intendedi function.

The setup for testing will be in a typical field environment using persoinnel selected~
from individuals representative of those who will operate the oquilpmeniý it Ils fielded.
Procedurer for setting up this equipment foilcw:

a. Sadio Lin~s Use appropriate portions of TOP 6-2-24Wc or TOP 6-2246 to)
establish a point-to-point or multi-station communi~aticn network utilizing
equipment being tested. Test sites must be solectod close enough to one,
another lo insure optimum signal strength. Care must be taken to ensure th.!-,
receivers and transmitters are not located in such proximity tlb overlozd the.
receiver or cause co-location Interference. Ground wave oornr¶Jnication maiy
be used tor skywave equipment. Particular attention must be 21ven to
frequency selection. Refer to appropriate Instructions lor listing o!
frequencies uiuthorized for use in the organization controlling the test sule.
Listing indicate~s mraxirnurn power which may be used and mode~s Wi modulationl
which are aulhi:;rzed. If the High Frequency (HF) Sand' (33%) MHz) is us&ci,
proper frequeicieo, must be determined by the use of prooagatlcin charts or by
requesting assistance from the Communication Engineering Direr~tcrate of Wne.
U. S. Army Strategic Communication Command, 11 trequencies are requirf.,d
which are not already authorized, the testing agency must originate arqw
for these frequencies in acc~ordance with AR 105-24. B~efore test messagos
are exchanged, the selected frequency must be mon:!ored at all n-et stations to
assure that it is clear for test usage. Procedural messages will then bie
exbhanged to Insure that signal-to-noise ratio is satisfactory for the oondL O.
of the test.

b. ~Lr~Jj~Utilizing the equipmentcomponent being testod, along with
other telephone equipment (switch-boards, telephone termirialft, cable, wire,
telephone sets) with which the test item is designed for use, establish a wire
communication network. Assure that wire and'or cable lengths do not exceed<
design parameters. Determine that crosstalk and/or channel noise w~ll riot
significantly affect voice transmissions.

C. Auio aulpment After the system is set up according to the technic,3l
manual, it should be checked to assure that no aspect of improper operaticon
exists such as pickup or feedback.

The equipment must be adjusted and aligned In aooordanoe with the appropriate technical
manuals to assure minimum distortion and signal loss between the speech souirce and the
Ustener. The speech source may be a qualified talker or a tape rocording (professio."aI
standard test recording or a recording generated by qualified talkers).

A thorough practice period with the test Item must precede the formal testing in order to
fully familiarize test personne! with the test item and the test procedures. Praclice
should be continued until the learning period is over and the speech Intetl~lgbility socros
of teso participants reach a plateau. Soores should be given lo test parfaipants so ýhat
they are aware of their Improvement and so that motivation and interest Is maintained.
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5.5.4.4 JS" jA The HFE spocialist will solý?w mocsages composeid of
Ptioneticafiy Balanced Word Lists froin Apndix 0.1 at Part I or word lints from the
Mt~difiad Rt'ymtt Test Lsisi in Appendix 0-2 of Part 1T1he list chosen thaII be used
conrstently thiroughout the lost an that swrors obtain-od are not a m~xture of various
typos vt' tests. To assist In thte seoelin cof thto proper list, a discussIon of Vtha adv~antages
and diiudvantag@'s nf each follows:

a.Use of the Phonetically Bailanood Word LL~ts has several advar~ages:

(1I) Available lists covar a wide range of diftfioully.

(2) The spread of difficulty is approximately equal from one list to the next
(avarage difficuity is about the same)

(3) The specch sounds represented by the words ar'A balanced
phctnetic~aily - wntrolling a variable whose influence on test scores is
extremely dillficult to determine. However, a disadvantage is that
carrier phrases must be used (Number *xx", you will nark *xx" now,).
This redundancy and lack of real N~e wntext sometimes causes boredom
to the extent that performance levigls are affected,

b. Modifiedl Rhyme Tests have the advantages of not requiring much practice and
that Qrfors cannot result from misspelling the words when reporting.
However, this test assesses only the intelligibility ot the front or end
consonants of a word find does not test the intermediate vowel sound.

When corducting a modified rhyme test the HFE specialist needs to ensure that
ta',ker and iilsener sheets In the test packet are In~ the proper order. A sample
talker's sheet is shown ;n TABLE 5.5-1. Before speaking the talker should
begin~ with:

This is 'xxx' reading list *xxx" from the 'xxx" position.

Each word on the ta!Ker sheet murst be read with the following carrier
sentence:

Number 'xx', you will mark 'xxv now.

The number is that shown in TA3LE 5.5-1 and the word to be marked is the
one associated with the number. Listeners respond by checking the word they
judge to have beain t~ansmitted on a listener check sheet as shown in TABLE
5.5-2. There should be about five seconds between carrier sentences. After
each test panicipant has spoken from. his or her position and listeners have
completed listener's sheets, the completed listeners sheet's are given to the
HIFE specialist administering the test. Test participants then rotate to new
positions. The lest oonti,nues untii eac~h test participant has talked and listened
from each position.

Messages will be read by qualified talkers or a tape recordiing of a qualified
talker will be played through the system and qualified listeners will record
the messages as they hear them or will check a wordJ on a listener's check
sheet. When possIble, more !1han one listener may be ewrq~yed at the
listening station. The use of muftlple fisteners may not be posstle when the
listening device Is a headphone set or telephone.
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Table 5.5-1. Sample Talker's Sheet for
*• Modified Rhyme Test

Modified Rhyme Test Form ID

I tick 1 sale 21 pat 31 pin 41 came
2 feat 12 peak 22 did 32 seed 42 boil
3 pup 13 king 23 kit 33 gay 43 fib
4 book 14 Na 24 tin 34 lest 44 cud
5 lip 15 sip 25 tier 35 pave 45 keel
6 rate 16 told 26 bent 36 bath 46 lark
7 bang 17 bun 27 sun 37 pop 47 heave
8 fill 18 lake 28 shed 38 pig 48 don
9 mass 19 gun 29 pot 39 tan 49 saw

10 tale 20 bust 30 duck 40 cape 50 beat

Listeners and talkers must be rotated between test samples so that a test sample,
listener, or talker does not unduly bias the test. Also, as mentioned above, an important
factor in speech intelligibility testing is the participant's motivation. Care must be
taken by the HFE specialist to assure that boredom and fatigue do not create bias in the
data.

The HFE specialist will provide a schedule including the order of stations to be used for
4ransmitting and receiving, the talkers (or tape recording) and listeners to be used, and
the messages to be transmitted. He/she will assure that the stations are manned vith the
proper qualified talkers and listeners.

After procedural messages have been exchanged, the designated talker will transmit the
designated test message in a clear, strong voice, spacing the characters/words to allow a
five second interval between monosyllabic words. If the transmitted messages are not
tape recordings, they should be recorded at the transmitting station for subsequent
comparison with received messages, in order to eliminate from the assessment those
errors made by the talkers.

Listeners at the receiving net stations will manually transcribe all test messages or
mark an appropriate response on a listeners check sheet. Usteners should be required
to add any appropriate comments relative to characters/words that may be missed or
about which they are uncertain.

Sufficient log entries will be made at all stations to fully identify each test message.
Transmissions will be recorded at the receiving station for comparison with recordings
made at the transmitting station In order to assess the quality of the oommunications
equipment being tested.

Each test message, consisting of a complete word or sentence manually transcribed by
the listeners, or a listener's check sheet will be scored to determiDo the speech
intelligibility percentage for that message.

Sufficient test messages (approximately 100) should be transmitted to give a high
degree of oonfidence in the results. These messages should be equally distributed among
the listeners, who should number approximately 20 but in no case less than five.
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Table 5.5-2. Sample Liateners Check Sheet for Modified Rhyme Test

Listener, Poaltion, Set _ _ _ ___ _ _
Talker, Posltion, eot
Nolse Source Date, Time
Condition ...... _ Talker's Form Me..... ..

I lick pick sick 20 bust dust rust 39 tam t"ng tan

pick tick wick Just gust must tack tab tap

2 feat heat neat 21 pack pan pass 40 Care cake ape
seat meat beat path pat p case carn mve

3 pup puff pus 22 did dig dip 41 came g'ne fame
puck pun pub din dill dim tame same name

4 hook took kook 23 bit hit kit 42 oil soil toil
book cook shook wit fit sit foil coil boil

5 hip lip rip 24 tin win din 43 fit fizz tin
sip dip lip sin pin fin fill fig fib

6 rate race rave 25 teal tear lease 44 cuss cut cuff
ray raze rake team teak teach cup cub cud

7 gag hang sang 26 tent sent bent 45 peel heel eel
bang fang rang rent went dent feel keel reel

8 will till hill 27 sun sub sum 46 bark hark park
fill kill bill sud sup sung dark lark mark

9 mat mass mad 28 wed red bad 47 heal heap heat
map math man shed fed led heave heath hear

10 gale pale tale 29 hot tot not 48 then men ten
male sale bale pot lot got hen den pen

11 sake sale safe 30 dun duck dub 49 saw raw jaw
sane save same lug dud dung law paw thaw

12 pea peat peak 31 pin pip pig 50 beam beat
peas peal peach pit pill pick bean beak beach

13 kick kid kit 32 seep seem seethe
kill kin king seen wd seek

14 sack ag rss 33 may pay way
sa sat sa day say gay

15 sip sit sin 34 best vest rest
sick sill sing nest test west

16 sold oold told 35 pane pge pale
gold hold fold pave 7 pay Scorer

17 bun bus buff 36 bat bath bad
bug but buck ban back bash Form

ie late leoo lay 37 pop giop mop
lane liake lame cop hop top Score

19 bun nun sun 38 dig rig big
run fun gun pig wig fig
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5.5.5 Data Required Renord applicable elements of the following data:

a List of equipment used Including serial numbers and most recent calibration
dates.

b. List of test participants including names, rank, MOS, unit, and results of
speech, hearing, and speech Intelligibility preliminary moeening tests.

c. Transcripts of transmitted and received messages with the date, time, talker,
listener, test setup (inc~ude all components and serial numbers, frequencies
and modes used, locations, etc.), and speech intelligibility score annotated.

d Location and description of test site (including for example: elevation, type,
height, and orientation of antennas).

e. List o! frequencies required for test.

f. List of available/authorized frequencies and any limitations on their use for
the test.

g. List of frequencies selected for use and any evidence of interference on these
frequencies.

h. Results of exchange of procedural messages.

i. Signal strength measurements.

S j. Channel noise measurements.

k. Signal plus noise measurements.

I. Description and measurements of ambient acoustic noise.

m. Channel (or path) used if multi-channe! or switched communications net.

n. Selected test messages on magnetic tape at transmitting and receiving
stations. (See TABLE 5.5-1.)

o. Comments of listeners relative to test message talkers and missed
characters/words. (See TABLE 5.5-2.)

p. Block diagrams of test setups showing test items, all instrumentation, and
locations of talking and listening stations.

q. Ambient temperature, humidity, and wind-chill,

r. Head covering and/or ear protective equipment used.

s. Speed of wheeled or tracked vehicle used during test. (Note: MovIWN vehicles
need to be operated at two-thirds of the maximum speed In t*e highest gear
during test conduct.)

7
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5.5.6 Date Reductlon and Presentation Speech Intelligibility of each received
compiete list will be computed by dividing the number of conoectly 1interpreted words by
the total number of words in the complete list. Modified rhyme test results will be
scored by counting the number of words correctly repcrted by the listenet and then
correcting this for guessing using the following formula

Percent Correct = [No. Correct - No. Wrong ]x2

For example, If a listener reported 46 words corrictly and 4 incorrectly then the
Percent Correct score would be (46 - 4/5) x 2 - 90.,a percent

Calculations will be performed to provide the mndian, mean, and standard deviation of
the speech intelligibility scores scross test parlicipants.

Message scores will be reviewed to determine it M& scores of any one test sample or
individual talker or listener were markedly different from the majority of the scores
and to identify any consistent speech intelligibility areas such as consistently poor
intelligibility of the same speech sounds,

The average speech intelligibility should be approximately equal to or greater than the
required percentage to consider the requirement met. Standards will be derived from
requirements and contract specifications. If no specific intelligibility criteria are
provided, test scores for each tested position should be compared to the intelligibility
criteria for voice communications systems in TABLE VI in MIL-STD-1472D. Data will
be presented in tabular form.

0
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5.6 TEST PROCEDURE - WORKSPACE AND ANTHROPOMETRICS

S 5.6.1 Objective The purpose of this test procAdure Is to describe the melhods and
measures for evaluating ithe adequacy of workstpaos in corder to ensure that the ftem being
tested can accommodate operators and maintainers with regard to their physical
characteristics.

5.6.2 Criteria Design criteria which Involve dirnensions of workspace are based on
anthropoinetric data on human body dimensions. The general principle is that workspace,
access; openings, etc. should accommodate a consi:lerable range of body sizes. In general,
this range is taken to be that from the 5th percentile tar females to the 95th percentile
for males. In some cases, equipment is Intended for use by males only and the
corresponding range is that from the 5th to thig 95th percentiles for males. These
percenlile values as well as other body dimension statistics such as means and standard
deviations are determined through anthropometric measurements taken on large samples
from selected'populations. Ranges of anthropometric data are used to define design
criteria for workspace dimensions. For example, functional reach data as shown in
FIGURE 23 and TABLE XIII in MIL-STD-14723 are used to establish the maximum
distance of a vertical panel section from a standing operator positian.

5.6.2.1 Workpa ej•n E,.laria Selected anthrropometric data are provided in section
5.6 of MIL-STD-1472D. Design criteria for wirkspace dimensions are provided in
section 5.7 of MIL-STD-1472D. These criteria address workspaces and operator
positions which are common to many test items. These include standing operation at
consoles, seated oper;ation at consoles and other selected working positions. Access,
clearance and workspace design criteria in thi, area of design for maintenance are
covered in section 5.9i of MIL-STD-1472D. In particular, the HFE specialist should
review FIGURES 29, 30, 31, 32, Z3, 34, 35, 36, 37, 45, 41', 48, 5C), and 51 and
TABLES XIX, XX, XXIV, and XXVII in MIL-STD-'472D to identit workspace dimension
criteria.

5.6.2.2 Other Anthbrogmentric Data and WorkipLac QgsERecommendations The
workspace design criteria in MIL-STD-1472D acldress a number of common operator
working positions. A certain test Item, however, iriy require body positions for access,
egress, work at the worksite, etc. which are not covered by MIL-STD.1472D. In these
cases, it will be necessary to characterize, sketch, photograph, etc. the required body
position and orientation and to use anthropometric data directly to assess the suitability
of the dimensions of the test item. In addition to the anthroporretric data contained in
W-IL-STD-1472D, other sources of these data are DOD-HDBK-7'43, MIL-HDBK-
759A(MI). Chapter 11 of Van Coat and Kinkade (1972), and Gc,cdon et. al. (1989). The
Gordon et. al. data are of particular importance because they f.ontain the most recent
measurements. For mobile operations that require stooping, squatling, kneeling,
crawling, or prone positions, dimensions presented In FIGURE 2-32 and TABLE 2-17
in MIL-HDBK-759A(MI) shall apply. For aircrew station geomnetry, the HFE specialist
should also refer to MIL-STD-1333A. Criteria arnJ methods fcr evaluation of equipment
stowage provisions are contained in TOP 2-2-802.

6.6.2.3 Protective Clothin Many of the anthropometric dimensions referred to above
are taken from nude subjects and are applicable when ligHt clothing b worn. Use of
protective garmerts such as arctic clothing, however, may oxnsiderbly seduce mobility
and functional reach whilo increasing the recuired access dimension, Recommended
clearances at a seated operator station to ao,=nmodate use of aric clothing are provided5 in FIGURE 51 and TABLE XXVII in MIL-STro-1472D. Mobile workspace dimensions for
arctic clothed personnel are contained in FIGURE 2-32 and "ABLE 2-17 In MIL-HDBK-
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759A(MI). Arm and hand access requirements in airctic clothing are contained in FIGURE
45 in MIL-STD-1472D. Whole body access dimensions while wearing bulky clothing are
contained in FIGURE 37 In MIL.STD-1472D. Minimum handle dimensions with mittened
hand are presented In FIGURE 48 In MIL-STD-1472D. Anthropornetric dimensions with
various types of clothing Including arctic gear and helmets are addressed in section
2.2.4.2 In MIL-HDBK-759A(MI). TABLE 5.6-1 presents reach capabilities at various
arm angles under the conditions of winter clothing and pressure suit from Alexander, et.
al. (1976).

Table 5.6-1. Fifth Percentile Arm Reaach Capability Expressed as a
Percentage of the Shirt S;leeves Condition for
Winter Clothing and Pro:ssure Suited Conditions

Arm Winter Pressure
Angle Clothing Suit

Right 00 (front)
or Left 715 % 72%

Right 30° (0.5 rad) 82% 75%
Left 300 (.5 rad) 82% 63%

Right 600 (1.0 rad) 137% 78%
Left 600 (1.0 rad) 86% 78%

Right 900 (1.6 red) 88% 83%
Left 900 (1.6 rad) 91% 82%

All measurements made 24 in. (61 cm) above the deck

5.6.3 Facilities and Instrumentation

5.6.3.1 f£ a None.

5.6.3.2 Instrumentation Instrumentation for anthropometric measurements includes

an anthropometer with attachments for various body dimension measurements and a
weight scale as listed in TABLE 2-1.

5.6.4 Method Workspace must be compatible with the anthropometric dimensions
of the users of the equipment. The limits of anthropometric data, such as body
dimensions and reach, are expressed in terms of 5th and 95th percentile measurements
as described in paragraph 5.6.2. These points represent the two extreme limits of the
population which it is reasonable to expect an item to accommodate. Clothing appropriate

to accomplish item tasks and representative clothing worn during Item operation/

maintenance must also be considered. This clothing, in some instances, adds significantly
to clearance requirements. The primary interest in cold regions evaluation of workspace
is the effect of the full arctic uniform on clearance and reach.
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5.6.4.1 WILL. n The general approach involv is selecting body dimensions
to be conside )d and itelectling lest participants classifie i as 5th and 95th percontile
male and female as appropriate on the, applicable dimentrions. These participants then
perform requl ed activities using the test Item undol.r representative operation,
maintenance a •d ,olthing conditions. Where problems are noted In conductirog specific
tasks, measure 'ments wil be mado to determin the causes of the plroblems.

5.6.4.2 -plection of Qond~ito

a Teso participants representative of the 5th to 95th percertiles in specific and
app opriate physical characteristics should be selected. If it is necessary to
detttrmine 5th and 95th percentiles of body dimensions, use the procedures
cortained in DOD-HDBK-743.

b. Clothing should be worn consistent with the most extreme weather conditions
under which the item may be expected to operate or be used.

c. The full range of operator/maintainer activities should be addressed-
including such tasks as adjusting seats, mirrors, belts, etc. Sample Task
Checklists are provided in Appendix A of HEDGE. These should be reviewed in
identifying item specific tasks whirh could be affected by anthropometric and
workspace dimension considerations.

d. Seated eye-height measurement may be redL'c-ed by as much as 2.5 inches
when personnel sit in a relaxed manner. The ratural position shoL~d be
considered in seating requirements but should not ibe used as a justification of
Inadequate clearance.

e. Minimum and maximum dimensions of certain wokspaces are called out in
MIL-STD-1472D as described in paragraph 5.6.2.1 above. Where these
design criteria are applicable to a lest Item. the necessary dimensional
measuremirnts should be completed first since test participants are not
needed. After these requirements have been met, i:oncentration can then be
directed to observing difficulties encountered by telt participants.

5.6.4.3 TestSetu

a Assess thE test item with respect to clearance lirmitls for components such as
hatches, accesses, and safety exits, and make plans for their use to ensure
proper passage for appropriately clothed 95th percentile participants.

b. Assess Item for reach distances which involve the extension of body paris
Insuring the accommodation of 5th percentile personnel, especially as
constrained by bulky arctic clothing.

c. Ensure that Information on operation/mainlenance of the Item Is avail3ble
and transcribed into a checklist so that a full range of activities is completed.

5.6.4.4 Jest Condu From the list of tasks that are required tc coobducl the test, a
checklist should be constructed of those tasks in which body parts play a furnctional role.
From this list, tasks should be checked off which are covered by %orbIace design
criteria described In paragraph 5.6.2.1. Performance of the remaining tasks should be
observed and difficulties recorded. If personnel are not available with 5th and 95th
percentile dimensions, extrapolations should be made to the ability of the 5th and 95th
percentile personnel to perform the tasks. Design characteristics of the workspace
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should be assessed using the Workspace Design Checklisii provided in Aprendix B of

5,6.5 Data Required Record the following data:

a Dimenslons of all workspaces that conform to workspace dimension criteria
described in paragraph 5.6.2,1.

b. Anthropometric measurements of dimensions of tlst parlicipants who best
represent the male and female 5th and 95th percentiles.

c. List of difficulties encountered due to workspace dimensi(G's by each
participant in the performance of assigned tasks.

d. With each difficulty encountered, measurement of relevant dimensions of the
specific workspace involved and the dimensions of the affected body parts of
the 5th and 95th percentile personnel involveu:, including extrapolations
where necessary.

5.6.6 Data Reduction and Presentation Measured dirnensions of workspaces
which are subject to the design criteria referenced in paragraph 5.6.2.1 should be
compared with the applicable design criteria. Where dimensions fall outside of
prescribed limits, a separate list should be developed to con'tain these discrepancies.

A list should be compiled of all difficulties encountered with workspace as a result of
physical characteristics of operating personnel. Next to each difficulty should appear the
dimensions of the space involved and the dimensions of the affected body parts that relate
to the specific space problem (extrapolations included). Clothing used during the testing
should be? described.

A summary of discepancies should be listed with recommendations for each problem
enmounte red.
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5.7 TEST PROCEDURE - FORCE/TORQUE MEASUREMENT

0 5.7.1 Objective The purpose of this test procedure it to outline the criteria for
force/torque measurement and describe methods for uvaluating conformance to
force/torque c69sign criteria.

5.7.2 Criteria

5.7.2.1 Musle Strength FIGURES 21 and 22 and TABLF.S XXIII and XXIV in MIL-
STD-1472D show maximal forces in varying situations, grip forces, lifting criteria,
aid the minimal forces exertable In several attitudes for males. Lifting limits are
subject to additional considerations described In paragraph 5.7.11.3 of MIL-STD-
1472D. Additional muscle strength data for males and females are provided in section
2.4 of MIL-HDBK-759A(MI).

5.7.2.2 Resistance gnd Torgue LJmit Minimum and msiximum limits for certain
resistances and torques of various controls are found in FIGURES 4 through 20 and in
TABLES IX, X, and XI in MIL-STD-1472D. These criteria are also included in the Force
and Direction sections of the appropriate Sample Design Checklists in Appendix B of

5.7.3 Facilities and Instrumentation

5.7.3.1 E.Fa..liLe,, None.

5.7.3.2 in,.rMea tolg.. . !nstrumentation to be used is listed in TABLE 2-1.
Instruments include force and torque dial gauges with atlachments which permit these to
be connected to controls and components, torque wrenches, measuring tapes and weight
scales.

5.7.4 Method Force and torque limits should be based on the weakest potential
operators and on work position, use conditions, clothing etc which may affect exertion of
force and torque. Lifting and carrying performance should riKt be required at or near the
limits of physical abilities as fatigue develops rapidly. OvY and above the concern for
discomfort and reduced effectiveness Is the risk of ir' iry which can occur in the form of
muscle/ligament strain or rupture. Control resistan,', levels are subject to additional
considerations. Resistance levels should be low enoug:' to poevent fatigue and discomfort.
However, they should be high enough to prevent lnad•,erlen': operation of the con'rol and
also provide kinesthetic cues to control movement.

5.7.4.1 General Guidelines Test participants representatlve of the male and female
5th and 95th percentiles In muscle strength shou4id be selected. Identify the force
application case in terms of body position, direction of force application and limb(s)
used from the figures and tables referred to In par~agraph 5.7.2.1 which most closeiy
matches the force application required by the tlest Item task. Use the force/torqie
measurment instruments listed in TABLE 2-1 to determine the moximum force in the
applicable case of which test participants are capable. Select the ltst participan!(s)
Which most closely approximate the male or female 5th and/or 951h peroentile strength
capabilities given In the criteria cited In paragraph 5.7.2.1.

Testing of activities that relate to data for certain resistances and boqu'os of various
controls referred to in paragraph 5.7.2.2 should be conducted utilizing the minimums
and maximums as guidelines In evaluating equipment operation.
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:n areas of activity associated with force or torque for which there are no specific
guidelines, test participants of the 5th percentile in strength should be observed for
evidence of difficulty in carrying out assigned tasks.

There should also be concern If test participants representative of the 95th percontile
report a lack of adequate friction in the movement of any of the controls requied in the
operation of the item.

Certain elements influence the strength of test participants over and above the inherent
capacity of the individual. In the overall planning of a tast, In the selection of test
participants, and in approaches to specific requirements, the following factors (which
tend to decrease strength) should be considered as applicable.

a Age.

b. Altiiude (lack of oxygen).

c. High ambient temperatue, especially when combined with high humidity.

d Acceleration.

5.7.4.2 T A review of tasks associated with the test item should oe
performed to compile a list of tasks requiring force or torque application including all
hand and foot control operations required by the test item. A review of tasks should be
performed to identify activities requiring force application, such as activating door or
hatch handles. A review of required tasks should also be made to identity activities that
require lifting or carrying weights.

5.7.4.3 T The initial segment of the test will involve having each test
participant activate each control, or a subset of representative contro;s, to each control
setting. At the conclusion of these activities, the test participant will state that the force
required to activate the control was too high, too low, or adequate. The HFE specialist
will indicate on a checklist, similar to that shown in TABLE 5.7-1, those controls
identified as having activation forces which are either too low or too high.

For controls identified by at least one test participant as requiring too little or too much
force/torque, suitable measurements will be performed. The actual force/torque
required to set the control to a specified stting will be measured five times and the
average of the five measurements will be used as the force measurement for that c-ontrol.

Average measurements for selected controls will be compared with the force/torque
design criteria referenced in paragraph 5.7.2.2. Where force applications are required
for controls or item components other than those identified in paragraph 5.7.2.2, the
maximum values shal! not exceed those presented for 5th percentile operators in the
strength data referenced in paragraph 5.7.2.1.

The weights associated with each task from the compiled list of activities Involving
weight carrying or lifting should te compared with the data referenced in paragraph
5.7.2.1. These weight limits shall be used as the maximum values in determining the
maximum weight of articles requiring one-soldier lifting, providing the artice to be
lifted conforms with the requirements of paragraph 5.9.11.3 of MIL-STD-1472D.
Other lifting cases depending on the size and configuration of the lifted object and on the
numbe, of soldiers ass;gried to lifting it may result in modification of tela-bled weight
limits. Refer to paragraph 5.9.11.3 of MIL-STD-1472D to Identify the appropriate
weight limlls subject to design features and task requirements for the test hem.
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Table 5.7-1. Sample Checklist for Control/Component
Force Assessment

Control/ Force/Torque

Component Setting Adequate Too High Too Low Cmmnens

Door Latch OpenClose__ _ _ __ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _

Lock

Door Swing Open
Swing Closed

Emergency -, C'M
Brake Off

Headlights Ch_
Ott

Gear Select Neutral
I st Gear

0

Nth Gear
* O ,• Reverse

Gear Rathe Hinh i

Select Low

Tractor c(h
Protection Off

5.7.5 Data Required Record the following data:

&. Anthropometric measurements of test participants (as applicable).

b. Item controls or components for whih difficulty is noted in force application.

c. Force/torque measurements of controls and components which provided
difficulty to test participants.

d. Weights of articles lifted or carried.

a. Strength measurements of lest palicipants.

f. rComments by test participants of difficulties encountered.
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5.7.6 Data Reductlon and Presentation Force/torque measurements of those
conrols used in the operation of the item should be compared with forceltorque limits
prescribed for those controls as referenced in paragraph 567.2.2. Those controls whose
forcelorqua measurements fall outside the limits should be listed separately.

Those tasks requiring force/torque application, weight Ufting or carrying that produce
activities outside of limits referenced in paragraph 5.7.2.1 should be listed separately.
Any difficulties with force/torque application, weight lifting or carrying er•,ouniared by
test participants that are not covered above shall be evaluated and, If determined to be
valid, listed separately.

A summary of all discrepancies shall be compiled and recommendations made for each
problem listed. TABLE 5.7.1 presents a Sample Checklist for Control/Component Force
Assessment. TABLE 5.7-1 presents a Sample Data Summary Sheet for Control/
Component Fnrce Assessment.

Table 5.7-2. Sample Data Summary Sheet for Control/
Component Force Assessment

Number of Pear!clpante

Control/ Identified Repor..ng Problems Measured Limit Problem
Component Problem Sth 5th Force/Torque Value Verified

-T -
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5.8 TEST PROCEDURE - HFE nESIGN CHECKLISTS

5.8.1 Objectivo Design Check;ists are used by the HFE specialist in messing th~e
desi;n features of the test Item. Selection of specific checklists depends on the
Identification of Test Item Components. The determination of applicable Test Item
Components Is made using the relevant Test hem Class and Subclass U described inHEDGE-

5.8.2 Criteria The criteria for selection of Design Checklists are found In section
2.6 of HEDGE. Sample Design Checklists ae provided in Appendix B of HEDGE. Where
Sample Design Checklist Items express required design criteria from MIL-STD-1472D,
paragraph references are provided. Checklist items which do not have paragraph
references are provided for guidance and were obtained from other HFE sources such as
MIL.HDBK.759A(MI).

5.8.3 Facilities and Instrumentation

5.8.3.1 Faciliti None.

5.8.3.2 Instrumentation Design checklists will be used by the HFE specialist in
assessing design features while physically at the applicable workstation of the equipment
undergoing test. Where problems are suspected in Test Item Component design.
measuremenis will be made using applicable test procedures from sections 5.1 through
5.20.

5.8.4 Method

5.8.4.1 General G.,idehines Whenever a design assessment is to be conducted, Design
Checklists will be used. A Design Checklist form is praented in Appendix A of Part I and
Sample Design Checklists are contained in Apper*dx B of HEDGE. The HFE specialist
should identify the Test Item Class/Subclass and the applicble Test Functions as
described in sections 2.1 and 2.2 of HEDGE. He/She should then identify the Test Item
Components with which operators/maintainers interact In performing necessary tasks.
These components are then evaluated in the HFE test. The HFE specialist should use the
Design Checklists noted in FIGURE 3 of HEDGE for the Test Item Class/Subclass as
guidance but should add or delete components and corresponding Design C¢hecklists to or
from the list based on the components associated with the test item.

5.8.4.2 IT.tsluct The HFE specialist will use the appropriate sections of the Sample
Design Checklists in Appendix B of HEDGE based on the review of compxnents associated
with the test Ihem. Design Checklist items should be deleted which are not applicable or
important for the item assessment. Where appropriate. Checklist statements which are
not contained in the Checklist and which are judged to be important should be added. This
can be done by photocopying Sample Design Checklists from Appendix B of HEDGE and
modifying the copies.

The HFE specialist wlil determine If the Design Checklists will be usod directly or If
other personnel of the lest agencq will actually acqiJire the data using ft ciecklists. If
" former, then the HFE specialist only needs to copy relevant Desn Checklists,
aciulre the Instrumentation needed, and schedule time at the workstatiovif Interest. If
the Design Checklisti are to be used by other personnel, the HFE specalisst may need to
adapt the checklist Instruction for the users, The basic checklist Instruction is as
follows:

83



15 May 1090 TOP 1-2-6110

You are to asses design features of an equipment item using Design
Checklists. You should use appropriate checklists for each operator
workstation and the maintenance position at each item of equipment to be
maintained. The statements in the checklists establish the criteria for the
assessment. In some cases, compliance can be determined simply through
observation. in other cases you will need to make measurements. Where
measurements are required, you should sample components to be measured
being sure to include any components which appear to have problems in
terms of the criteria. if thG component design meets the criterion describeu
in a checklist statement, check it off as Adequate (YES). If it does not meet the
criterion, check it as Inadequate (NO) and note the problem in the comments
column.

5.8.5 Data Required Data are gathered by using the Design Checklists and any
referenced design criterion documents such as MIL-STD.1472D at each workstation or
maintenance position. Indications of whether Test Item Component design is adequate or
inadequate on specific criteria are recorded. If the component is judged to be in
compliance with the checklist Item then the design is Adequate and the YES column is
checked. If the component is not in compliance with the item then the design is
Inadequate. The NO column is checked and the Comments column (and additional pages if
necessary) is used to characterize the deficiency. The Not Applicable column (N/A) can
he used if the Design Checklist statement is not applicable to the test item or item
(omponent.

5.B.6 Data Reduction and Presentation Design problems, noted as cases where
c;omponents were judged Inadequate, will be listed. Judgments will be made as to
whether these problems represent deficiencies or shortromirngs. In determining that a
problem is a deficiency or shortcoming the following checklist (from TOP 1-1-012)
svould be used:

a. Does the incident (performance or corrmponent).

( 1 ) Create a hazard to personnel or equipment?

(2) Seriously impair operalional capability?

(3) Cause serious damage if operations were to cantinue?

b. If the answer is YES to one or more of the above, is the irntridc;nt:

( 1 ) Something not anticipated in oquipant of thi•: ryes'?

(2) A characteristic of desiqn that requires chan~e:-.

(3) ExpectaoJ to o(xur agaiv- at similar frequenc,•' ON anro
c. If the answer is "1ES to a ,th uestiors if's paraý ý a: 4 b-L Unen the

problem is a true cieficiency '! the answel W irly q"e r')! ti ir•e NO, then
it ts a shortcoming.
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5.9 TEST PROCEDURE- PANEL COMMONALITY ANALYSIS

5.9.1 Objective This procedure describes a method for quantitatively establishing
the commonality of controls and displays located on different consoles within the same
system.

5.9.2 Criteria MIL-STD-1472D states that the arrangement of functionally similar
or identical primary controls shall be consistent from panel to panel throughout the
system, equipment, unit or vehicle (paragraph 5.4.1.3.4). The standard further states
that where coding is selected for the purpose of differentiating among controls,
application of the code shall be uniform throughout the system (paragraph 5.4.1.4.1).
Concerning displays, MIL-STD-1472D states that the arrangement of displays shall be
consistent in principle from application to application (paragraph 5.2.1.4.10).

5.9.3 Facilities and :nstrumentatlon None.

5.9.4 Method Although MIL.STD.1472D states that controls and displays must be
consistent from panel to panel in terms of location, arrangement and coding, the standard
does not specify a minimum level of consistency or commonality. If the commonality
between panels is not high, a greater number of operator errors can be expected through
confusion and lost time looking for components on a panel after training on a different
panel. For situations where an operator may be called on to operate either one of two
panels at any time, the commonality between those panels should be at least 0.8,
indicating that 80% of the controls and displays are similar along specified dimensions.

The dimensions of panels used for commonality assessment are as follows:

a. Presence: Controls and displays (C/D) are present on both panels where they
are not unique to one of the panels.

b. Location: (/D are located in the same quadrants of the two panels.

c. Type: C/D are of the same type or shape on both panels.

d. Size: C/D are of the same size (-L50%) on both panels.

e. Labeling: C/D are labeled identically in terms of function designation on both
panels.

f. Arrangement: C/D are arranged similarly on both panels.

g. Color: C/D color Is the same on both panels.

h. Oparation: Direction of motion relationships between C/D is the same on both
panes.

5.9.4.1 General Guidelines The HFE specialist will identify similar panels within the
system which must be operated by the same test participants. The NFE specialist will
then enumerate the controls and displays on each of the two panels (sech pair of similar
panels) usirg the Commonality Analysis Data Form from Appendix A of Part i. This
listing will be made using panel drawings or using the actual panels, During the
development of the list, notation will be made that a control or display Is unique to a
specific pane, and also if components which are not unique to a specific panel are
present on both panels.
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5.9.4.2 Test C The HFE specialist will identify C/D commonalities using the
Commonality Analysis Data Form from Appendix A of Part I. He/she will note if each
control or display Is D, common along fh specified characteristics using the follow: g
rules:

a. Location: Located in a different panel quadrant (upper right, lower right,

lower left, upper left).

b. Type: C/D shape and type definitely different.

c. Size: The C/D on one panel is at least 50% larger or smaller than its
counterpart on the other panel.

d. Labeling: C/D have different designations on different panels,

e. Arrangement: C/D are arranged in a way to cause confusion.

f. Color: C/D are colored differently,

g. Operation: C/D motion is definitely different due to factors other than
shape/type.

5.9.5 Data Required The data to be collected in this procedure are the notations of
C/D commonality along specified dimensions.

5.9.6 Data Reduction and Presentation When all data have been collected, the
index of commonality for each pair of panels will be computed as follows:

LC P x 3PC) + 2P.T__+ PS + PI +" PA + PC + PO
LC- Pp x[ 10 ]

where: LC n index of commonality.

Pp - proportion of non-unique C/D functions present on both panels.

PQ - proportion of C/D present on both panels which are located in the same
quadrant.

PT - proportion of C/D present on both panels which are the same type.

PS - proportion of C/D present on both panels which are :he same size

&.50%.
PI - proportion of C/D present on both panels which have the same

identification label.

PA - proportion of CID present on both panels which have the same
arrangement.

PC - proportion of C/D present on both panels which are the same color.

P0 - proportion of C/D present on both panels which have the same
operation.

If the panel commonality index LC 1i equal to or greater than 0.8 the paneli are judged to
have adequate commonality.
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5.10 TEST PROCEDURE -HFE MAINTAINABILITY ASSESLSMENT

5.10.1 Objective This test procedure describes methods to be Iimplemented In
assessing equipment ur system design for maintainability from an HFE point of view.
Methods are applicable to any stage of the system acquisition cyti* and w~nstsquently to
any system repre sen totion, from analytic concept through bread-boa?cis, mockups,
engineering prototypes, to production 'items.

5.10.2 Criteria Test criteria are provided in the applicable Sample Oesign
Checklists in Apptendix B of HEDGE. Sample Design Chesidlists are selected for use based
on the Test iteir Class and on the Test Item Components with which maintainers will
Interact during performance of necessary tasks. Where Design Checklist htems express
required design criteria from MIL-STD-1472D, paragrauph references are provided.
Checklist Items which do not have paragraph references are provided flor guidance and
were obtained from other HFE sources such as MlL-HDBK-759A(MI). Some
representation of the test htem will be required which can be it: concept description, set
of engineering drawings, bread-board, mockup, prototype, or production item.
Additional criteria and methods for evaluation of maintainability ai- provided in TOPS
2-2-530 and 6-2-504.

5.10.3 Facilitie.% and Instrumentation

5.10O.3.1 Ejjjýj For cold environment testing, shelters and enclosures will b~e
rec,&~red for maintenance in the field. These shelters will be required at least for
a~rcrafl niainter~ancý' in :he cold environment.

5.10.3.2 lnstrumentation Design Checklists will be used by the HFE specialist in
assessing design feautres while physically located at the appl~'.able maintenance locaton.
Where problems art is',spec'edl in component design, measuroments will be made using
approptiaie test procedures presented in sections 5.1 through 5.20.

5.10.4 Method In the opv;rability assessment, the only sampling to be performed
includes test participanis a3od test condition sampling. The maintainabiliy assessmeru
also lncludas sampling of maintenance tasks and spcific components to be assessed.
Assessment time Is prohab~y limited to the extent that not every component of a system
will be fully assessed. To Its extent possible, the HFIE specialist should use failure modes
and effects analysis (FMEA) results to select maintenance tasks arnd Components for
testing.

5.10.4.1 The HFE specliaist will use the Sample Task Checklists
from Appendix A of HEDGE tor the Maintainability Test Funcion' arnd for the applicable
Test Item Class to Id~entify generic maintenance activities for the test Item.
D~termination of Test Item Class Is described In section 2.1 of HEDGE. Maintainability
tmssessment will be carr~ed out for Items to which the Maintainability Test Function
described In section 2.2.2 of HlEDGE Is applicable. Test Item Components which are
generally involved In the Mair~nt6ability Test Function are Indicated by Test Itemp Class
In FIGURE 3 of HEDGE which should be used as guidance. The HIFE specoaist should also
leview the test Item documentation and required maintenance task~s lo lientlfy any
additionel1 Test Item Components Involved In maintenance activitins. Test Item
Components will then be added to or deleted from the lsit based on componeWr associated
W~th the Item. Basso on the review of Test Item Components, fte appropriate Sample
Design Checlists from Appendix B of HEDGE will be seleced. The HFE specialist sl'woulc%
delete statements from Mhe Sample Design Checklists which. are not appropriate for this
kiem assessment, and should add statements which are root contained in the checklist and
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which are judged to be important. This can be done by photocopying Sample Design
Checklists from Appendix B of HEDGE and modifying the copies.

5.10.4.2te.tPja"i 'rhe assessment will begin with an inspection of the test item
and a review of item maintenance documents, manuals, guidelines, etc. The Sample Task
Checkhsts provided in Appendix A of HEDGE can be used as guidance on generic tasks
commonly required for items in the applicable Test Item Class. It will be necessary,
however, to select and modify the generic tasks contained in the Sample Task Checklists
to represent specific maintenance tasks actually performed on the test Item. This can be
done by photocopying Sample Task Checklists from Appendix A of HEDGE and modifying
Oie copies.

Based on this review, a number of specific maintenance areas involving specific
components, will be selected for the assessment. The selection of maintenance pfoblems
for co!d environments should reflect an assessment of the effects of the cold environment
on maintenance activities performed with the component (icing of test points and
fasteners, effects of bulky clothing on maintenance workspace, freezing of lines and
cables, handling of small parts with arctic mitts, etc.). Potential environmental effects
on maintenance task performance are contained in Appendix D of Fart I and in TOP 1-1-
003 The selection should be, to the exlent possible, based on failure mode and effects
analysis data indicating the expected frequency and criticality of different types of
failures for different components. For each selected failure situation, the environmental
and operational conditions expected during the maintenance activity will be identified.
Thus, if a work site for a specific maintenance operation is outside, weather (cold, dark,
ice, snow, frozen terrain, and fog) will need to be considered in the assessment of
environmental conditions. The HFE test methods to be considered for the maintainability
assessment include:

a. Human Factors Analvsj-..,and Walk-Through. In both of these methods, the
test plan will involve identification of failure conditions and associated
maintenance activities, and will include the completion of the appropriate
Design Checklists based on those in Appendix B of HEDGE.

b. Simulation and Human Performance Assessmetj- In these methods a
technician will be given a problem and will perform the indica'ed
maintenance task to resolve the problem. In the simulation method, conducted
with a functional mockup or instrumented engineering prototype, some
control is afforded in the selection of fault symptoms to evaluate the degree to
which the equipment design enhances the troubleshooting operation. In the
human performance method the technician will perform activities with a
component assumed to have failed in some designated manner. His/her
performance will be evaluated by an observer/reoordet who will use Task
Checklists such as those provided in Appendix A of HEDGE which have been
suitably modified to reflect specific test ilem maintenance tasks.

c. Questionnaire/lnterviegW-In these methods, maintenan€ce personnel will be
queried concerning their attitudes and opinions about fht design for
maintainability of the item to support specific maintenance activities. The
questionnaire or interview can be developed from information contained in
the Sample Design Checklists in Appendix B of HEDGE. Sample question-
naires/interviews are provided In Appendix B of Part I.
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S. 10. 4.3 JU&~

a human Factors AnatvsiV/Wnlk-Through Setup for these methods Is limited to
setting up environmental conditions (e.g., lighting) for the walk-through.

b. Hu1 man ,,Peromaca Evaluation In these methods the setup must
follow proper safety procedures for Insuring the safety of the participating
technicians.

c. • ,gzau This method requires no special setup.

s 10.4.4 Tet noic

a HLuman Factors Analysis/Walk.Through The HFE specialist thoroug Jv
reviews the drawings and documentation for the Item design and will proceed
stdp by step through the checklist with the item. As problems are identified
measurements will be made to quantfv, the problems.

b. imJulation/Human Performance Eyaluation In these methods the technician
will perform designated maintenance tasks under t'ie close observation of the
observer/recorder. As problems are identified, the observer/recoroer will
note them on the checklist.

c. Oup~stionnairelInterview After obtaining experience maintaining the system,
technicians will be asked to complete a questionnaire or to participate in an
Interview. These technicians may be the same test paticipants in the
simulations or human performance assessments descrtu, atove.

5.10.5 Data Required In the assessment of the Item design for maintainability, the
activities to be assessed and the appropriate work site for each, are liLMtod below. Data
required include completed Design Checklists, Task Checklists, OLestionnaires and
Interviews. Include also any photographs, video tapes, or films perlaining to the
problem areas.

a Work Site- Operating Console.

( 1 ) Fault detection.

(2) Troubleshooting.

b. WQrk Site -Component Location.

( 1 ) Component cleaning, tightening.

(2) Preparation of the system for component removal/replacement.

(3) Preparation of the component.
(4) Removal of the component.

(5) Handling.,transfer of the component.

(6) Replacement of the component.

(7) Application of test probes to the component.

(8) Adjustment of the component.

(9 1 Test of the component h place.

(1 0) Component inspection.
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c. Work Site - Maintenance Bench.

( I ) Component assembly-disassembly.

(2) Component part fault isolation.

(3) Component repair.

(4) Component test and calibration.

5.10.6 Data Reduction and Presentation Design problems, noted as cases where
components were judged Inadequate, shall be listed. Judgments will be made as to
whether these proLlems represent deficiencies or shortcomings. In determining whether
a problem is a deficiency or shortcoming, the following checklist (from TOP 1-1-012)
should be used:

a Does the Incident (performance or component):

( 1 ) Create a hazard to personnel or equipment?

(2) Seriously Impair operational capability?

(3) Cause serious damage if operations were to continue?

b. If the answer is YES to one or more of the above is the incident:

( I ) Something not anticipated in equipment of this type?

(2) A characteristic of design that requires change?

(3) Expected to occur again at similar frequency? (not random)

c. If the answer is YES to alU three questions in paragraph 5.10.6.b), then the
problem is a true deficiency. If the answer to any one of the thiee is NO, !hen
it is a shortcoming.
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* 5.11 TEST PtIOCEDURE
INDIVIDUAL PERFORMA&NCE ASSESSMENT

5.11.1 Objective This section describes methods for testing Individual
performance In operating or maintaining eqiijl)menl to support assessments of the HFE
"aspects of operational effectiveness and suitI,;'.:lity of developing systems.

5.11.2 Criteria Performance criteria wil include task/mission completion time,
accuracy, resource consumption etc. If appicable, these will be established by the IAP,
IEP, TOP, or Requirements Document.

5.11.3 Facilities and Instrumentation

5.11.3.1 failjje Facilities, If any, will be those required to operate the test item.

5.11.3.2 In1men. . Still photography, video recording, timers and/or event
counters maiy be required to document and vidual performance effectiveness. Equipment
used for this purpose is listed in TABLE 2- i.

5.11.4 Method The orientation of performance testing is to provide data which bear
directly on the issue of operational effectiveness, rather than the assessment of
equipment design. The measurement coicern is first directed toward obtaining global
measures of performance at critical points in the mission. If these indicate deficiencies
within an Identified subsystem, then additional performance measures are examined to
isolate procedural, coordination, or communication problems.

5.11.4.1 eneral Guideline Production, pre-production or pilot models of equipment
will be employed either in a simulated envirornment which will bear little resemblance
to the intended operational environment or in the actual operational environment. In the
Cold Regions environment, models of equipment will be employed under actual Cold
Regions conditions. Recording equipment should be provided whenever relevant in order
to obtain an objective, time-based record of subsystem output from which errors or
omissions in control actuations can be ic.entified. The records should also provide an
inaication of when specific out-of-tolerance conditions or malfunctions or other test
se.enariL. variables were inserted or occurred during the operation. In Instances wherE
ricording equipment is unavailable or Is not feasible, performance checklists,
qi~gstionnaires, or interviews must be employed.

5.11.4.2 _Tst Strate. The purpose of the testing Is to determine that the
avoldier/rrachine system or subsystem can perform within specified tolerances. The test

~e:naric should sample a broad range of activities performed at the work station
Alk',ough the test participants may b6 MOS qualified operational personnel, they may bE
rehitively unfamiliar with the system being tested. Therefore, pru test practice should
be sequenced so that activities generally progress from the easy %. the more difficu't
du,•ojg•ract•c. If lest participant performance is to be assessed under several te.,t
Onditions or for competing Items, then counter-balanced ord rs of presenation of tes;t
conditions or Items should be used as described in section 3.11 of Part 1.

5.11.4.3 Ia lan, The HFE specialist will identify the opo rations at-maintenance
tasks to be performed and the equipment components used for each tWk. Eich step In the
sequence of tasks will be considered, noting potential prob ems of poriormance and
safety. In the conduct of this type of analysis, the primary Wo/ is tho set of Sample Tese,
Checklists provided in Appendix A of HEDGE. These generic tasks should be reviewed and
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test item operating malnuals, maintenance manuals, or other applicable documentation
shoujld be reviewed to Identify specific tasks which are appliaable to the test item. The
HFE analysis should systematically consider each hem oontained on the Task Checklist. 0
The analysis serves to familiarize the HFE specialist with the equipment and to Identify
potorntial problems which should be more fully investigated. The HFE specialist will
have previously Identified the environmental and operational oonditions which could
affect personnel performance or safety. When performing the HFE analys~s, an attempt
should bo made to visualize the effects of the identified conditions, or preferably to
perform relevant operational and maintenance tasks under selected environmental
conditions to the extent possible. Examination of the completed checklist will serve to
Identify error likelihood situations. The conduct of an Error Likelihood analysis is
presented in section 5.12.

5.11.4.4 TgLC&nd= In conducting a performance test, a number of representative
test participants will carry out the sequence of tasks as defined in the checklist. The
primary measure of Interest is the adequacy of the task Qut•ul when conducted under
conditions representative of the range of conditions (temperature, daylight, snow, ice,
and frozen terrain) expected in the environment. Custcmary measures are time,
accuracy, and completeness, particularly when these variables are supportable by stated
operational requirements or performance standards. Preferably, these measures are
obtained from objective records of system output. When required system output
standards are not achieved by the test participant, diagnostic measures are used to
identify the nature of the difficulty. These diagnostic measures may be obtained from
additional objective records of system performance (from which control activation
times, errors, or omissions can be derived), or from direct observation of test
participant performance, and from test participant interviews. The selection of the
most appropriate method is contingent on the feasibility of obtaining objective
recordings, and upon time and cost considerations.

Direct observation methods are economical and are practical to implement. However,
they require the development of a Task Checklist and the presence of a trained observer
to complete the checklist. Also, an observer is required at each subject station and each
station may require a different checklist. In using this method, consideration must be
given to the fact that the mere physical presence of the observer may serve to alter the
test participant's performance. Moreover, there is a risk that Inadvertent or erroneous
actuations of controls may not be observed if the test subject's body blocks the
observers view of his actions. Similar difficulties may exist for television monitoring.

Video recording of individual performance can offer an alternaative to direct observation.
This approach is applicable where direct observation is not feasible because of space
limitations, because the pace of events precludes detailed checklisting and commenting in
real time, or because a number observers would be required to catch all performance
events. Off.line analysis of video tape records can be used to obtain task or mission
segment times and the tape can be rerun or frames can be :stepped to identify
performance problems. On the other hand, video has flfd-of-view ilnd resolution limits
and certain light levels may be required bor useable video. These astors can sometimes
offset the apparent advantages of the video approach. Further a video reowding system
can produce voluminous raw data. Processing to obtain performance times, critical
incident descriptions, error reports, etc. can be labor Intensive.

If checklists or performance reoords are used they should provl&., spae 'for -,ecording
comments by the twit participants and Insights of the analysiN. If the c.iscklisit is
prepared as a perfcrmance record, space should be provided for reoor,',ing such
measures as time to respond, time to perform, and number of errors (of varkus types) 6
observed during performance.
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Questionnaires/interviews can also be applied to test participants to identify causes of
inadequate performance. In the preparation of the questionnaire or Interview guide the
questions should be based upon the prior HFE analyses. The questionnaire ltsms should
specifically address each potential problem area which the analyses initially identified
The questionnaire responses will tend to confirm or reject the initial as,•ssments and
have the additional benefit of potentially providing practical operational 4.olutions to
identified difficulties.

As with other data collection methods, it is important to pre-test the ques!ionnaire or
interview guide. The pre-test is conducted to assure that the questions are meaningfu:
and are understandable to the test participant and that they can be easily administered in
the event that system output does not meet the established performance standards, The
general features of the questionnaire which should be considered are described in section
5.18. See also TECOM PAM 602-1.

During large gcale-system or subsystem testing the activities of the performance
assessment are predominantly concerned with monitoring. The test itself is monitored
in order to record the occurrences of any deviations from the scenario which wW!l
influence analysis of HFE test results.

5.11.5 Data Required Data to be acquired includes the results of direct
otservation using Task Checklists, photographs, video recordings, objective task time
measures, completed questionnaires, and interview results depending on the methods
utilized in the test.

5.11.6 Data Reduction and Presentation If system, operator or maintainer
performance outputs do not meet requirements, additional measurement resulhs are0 reported whichlidentify sources of problems, One useful adjunct in developing such a
"diagnostic" portion of a test report is the Error Report provided in Appendix A of Part I
This kind of summary document can readily be prepared from data obtained from
objective recordings, from checklists, or from interviews/questionnaires.

0
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5.12 TEST PROCEDURE - ERROR LIKELIHOOD ANALYSIS

5.12.1 Objective This procedure describes a technique for analyzing the adequacy of
the design of controls and displays through estimates of the likelihood and riticality of
errors when It is not possible to observe and collect actual error data. The technique
should only be applied by a oompetent HFE specdalist.

5.12.2 Criteria The criteria for scaling error likelihood are:

a. High Ljkelihop The control or display has major problems on at least one
dimension; it violates HFE design criteria in such a way as to significantly
Increase the chance of operator error.

b. Likelihod The control or display has moderate problems on at least
one dimension and no major problems along any dimension; It violates HFE
design criteria of lesser importance, such as label stroke size.

c. LLikelih The control or display has no major or moderate problems on
any dimension; it is designed in full accordance with HFE design criteria,

The determination of the above error likelihood factor depends on the degree to which the
design of the control or display conforms to design criteria provided in sections 5.2, 5.3
and 5.4 of MIL-STD-1472D. Applicable sections of the Sample Design Checklists for
Controls and Displays from Appendix B of HEDGE can be used in conjunction with the
Error Likelihood procedure since these serve as a ready reference to MIL-STD-1472D
design criteria.

5.12.3 Facilities end Instrumentation

5.12.3.1 Eacilities None.

5.12.3.2 Instrumentation This analysis is to be conducted using an actual test item
powered to the extent that lighting is on, controls are activited and displays are
energized. Instrumentation from TABLE 2-1 to be used used includes a tape measure,
force gauges, torque gauges, torque wrenches, push-pull gauges with attachments, and a
protractor.

5.12.4 Method This technique will be used in the HFE test and analysis of complex
systems only when there is insufficient opportunity to oollect error data in a quantity to
permit computation of error probabilities. The purpose of this alternate approach is to
determine the relative likelihood of error occurrence based on the design characteristics
of controls and displays. This likelihood is expressed In qualitative terms (high,
moderate, and low) and the determination of the likelihood factor depends on the degree to
which the design of the control or display conforms to design criteria provided in MIL-
STD-1472D. Each control and display is to be analyzed in terms of the likelihood of
error along specialized error dimensions.

5.12.4.1 ntIoIrro.s - The specific design features for cntrols, associated with each
error dimension, which lead to decisions concerning the likelihood of specific errors
are:
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a. Inadvertent actuation error Actuation of a control accidentally (location of a
control in the path of motion to another control, in a way that it is easily
accidentally activated).

b, Substitution error Selection of the wrong control (two or more controls of
the same size and shape placed next to each other, with too little separation
and/or with improper identification labeling or poor lighting).

c. Seauence e=rro Operation of controls in an order different from a required
sequence (control location and arrangement not consistent with sequential
operation or other causes associated with substitution error).

d. Activation error Selection of the wrong position or direction on the right
control (a control designed in a way counter to convention, or which requires
too much force to activate).

e. T i.lora C= Taking too much time to find or actuate the control (controis
located where they are difficult to find and/or operate, or where insufficient
illumination is provided).

5.12.4.2 Qis•=ay.Eror. The specific design features for dil;•la, associated with each
error dimension, which lead to decisions concerning the likelihood of specific types of
errors are:

a Substitution error Reading the wrong display (two or more very similar
displays placed ciose together with inadequate identification labeling).

b. Reading err2L Misreading the right display (poorly designed labels, mark-
ing, scales, alphanumerics, lighting).

c. Inter.oretation error Misinterpreting display information (information
presented in a manner which is confusing, where the meaning is not readily
apparent).

d. lernooral error ' Excessive time to find and/or read the display (displays
located where they are difficult to find and/or to read or where lighting is
inadequate).

5.12.4.3 General Guidelines A.control or display which is judged to have a high
likelihood of error occurrence on any one of the error dimensions is to be judged to have
a high likelihood of error overall. Decisions concernirC error r.rtijaii. are made on a
three-point scale as follows:

a. High ritica~ly An error is to be judged of high criticality if it has a serious
effect on operator safety or mission success Ir it has a moderate effect on
operator safety or mission success and its occurrence is not readily detected
by the operator or if Its effect is irreversible.

b. Merte criticality An error is to be judged of moderate orWttAltty if it has
a moderate effect on operator safety or mission success and its occurrence is
readily detected and its effect is reversible.

c. Low criticality An error is to be judged of low criticality if it has no
substantial effect on operator safety or mission success.
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The HFE specialist activates the control, noting the amount of force/torque required. The
number of positions, the presence of detents and stops, and control labeling are also
noted as well as situations where a control is located close to another control which is
similar in size and shape. The extent to which controls are functionally grouped is
determined as is the degree to which shape coding, place coding, size coding, and color
coding are used to differentiate controls. The use of guards on critical controls is also
noted. Where problems are Identified, the HFE specialist either makes a judgment
directly concerning the error likelihood, or obtains measut'6s to substantiate the
assessment that a problem exists. Measures Include reach distance, control separation,
control size, pushbutton depression, toggle deflection, rotary activation angle, and
control forces and torques.

Having made judgments concerning the likelihood of error for the specific control on
each of the error dimensions, the HFE specialist notes if the occurrence of the error is
Immediately perceptible to the operator of the item and if the error is reversible. An
assessment of the criticality of the error effect is then made using the definitions
provided in paragraph 5.12.4.3.

The HFE specialist proceeds through the analysis of all controls in this way. Attention is
then focused on console displays and the analysis of display location, visibility, labeling,
readability, lighting, rate of response, parallax, character size, and number of similar
displays. Display error likelihood and associated criticalities are noted.

5.12.4.4 T Prior to the actual conduct of the analysis, the HFE specialist
should obtain drawings of the control display panels to be analyzed from test item
documentation, such as equipment manuals. (A review should be made of system specific
controls or the reading of specific displays.) The controls should be listed on the Control
Error Likelihood Worksheet included in Appendix A of Part I. Displays should be listed
on the Display Error Likelihood Worksheet included in Appendix A of Part I.

The only setup needed for the conduct of this analysis is to activate the test item. The
analysis should be accompanied by an experienced operator who serves as the primary
source of the information concerning magnitude of the error effect.

The analysis is conducted with the test HFE specialist in the operator position at the
console. Using the data forms included in Appendix A of Part I, each control and display is
assessed. For controls, the HFE specialist reaches for the control and notes if this
motion could cause accidental activation of another control. The HFE specialist also
grasps the control noting if it Is located too close to other controls.

5.12.5 Data .Required Data obtained in this analysis includes the estimate of error
likelihood and error effect criticality.

5.12.6 Data Reduction and Presentation Presentation will be made in tabular
form. A sample presentation of control likelihood data obtained during an HFE analysis is
provided in TABLE 5.12-1.
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Figure 5.12-1. Presentation of Results of Control
Error Likelihood Analysis

(Sample from Improved Hawk Air Defense System)

Likelihood Effect
Control of Error Error Cause Criticality Effect

Off High Label doesn't denote Moderate Deactivates
function ECCM modes

Freq. select High Poor labeling Low Change Range only
Radar frequency

Release High One of two identical Low Release Range
controls side by side only

Radar circuits

Call High Same as above High Activates Range
only
Radar circuits

Range/Rate High One of three wheels located Low Loss of time in
handwheel in a cluster- no laoel, getting range

no indication that depression of data to radar
control expands range display

Only .6 in. lbs
--needed to adjust

Speed control High One of three wheels located High Need to respond

in cluster - no label quickly in zero
doppler

Elevation Moderate Labeling not clear High Cannot position
manual radar

Elevation high High One of two identical pushbuttons High Radar not in high
located one on top of the elevation search
other - confusing labeling mode

Elevation low High Same as above High Radar not in low
elevation search
mode

Azimuth High One of three wheels High Fail to lock on to
located in a cluster - target
no labeling

Difficult to access due to
location of communication
control panel
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5.13 TEST PROCEDURE - CREW PERFORMANCE

5.13.1 Objective This procedure Is concerned with HFE testing Issues of specific
relevance to assessment of crew performance. It should be considered as additional to the
material presented in section 5.11 since many of the test preparation, planning, and
daia collection methods discussed for individual operator performance assessment are
equally applicable to the assessment of crew performance. The present section Is limited
to those considerations which are unique to measurement of crew performance
capability. Emphasis in the cold environment should be placed on the assessment of crew
communications, the effects of arctic headwear and heater noise on voice corn-
municalhons, and the effects of reduced visibility conditions on communications via hand
signals.

5.13.2 Criteria Criteria are established based on requirements of the lAP, IEP,
TDP, or on required system performance. Criteria and methods for assessment of
emplacement,, action and march order capabilities of electronic/communicatior,
equipment are contained in TOP 6-3-505.

5.13.3 Facilities and Instrumentation

5.13.3.1 Fgjjjjjes Facilities, if any, will be those required to operate the test item.

5.13.3.2 lnstrumentaltion Still photography, video recording, timers and/or event
counters may be required to document crew performance. Equipment used for this
purpose is listed in TABLE 2-1.

5.13.4 Method The essential aspect which distinguishes 2 performance from the
aggregated output of a group of individual workers is the mutual cooperation or
coordination which occurs in a well-trained crew accustomed to working together. The
primary concern with crew performance testing is with communications and workloads.

5.13.4.1 General Guidelines Crew performance assessment will be conducted using
the test item configured as it would be in an operational setting. The equipment should be
functional, displaying simulated operational data and being responsive to control
actuations. Scenarios or test protocols are required which should be representative of
anticipated operational conditions and sequenced from "easy" to "difficult." Emphasis in
the cold environment should be placed on the assessment of communications, the effects
of arctic headwear and heater noise on voice communications, and the effects of reduced
visibility conditions on hand signal communications.

5.13.4.2 ILt.Stategy A primary means of assessing crew performance is to examine
individual workloads and, during peak load conditions, determine If the workload should
be redistributed.

5.13.4.3 Testlan Preparation of activities for assessment of crew performance are
identical with those discussed In section 5.11 for individual performance testing. The
checklists developed for such test purposes are examined for time-critical actions and
typical use conditions. These portions of the checklist may then be extracted to serve as
the basis for preparing observational records during system tests.

5.13.4.4 TestConduc During those portions of the test scenario which Involve the
peak load conditions Identified In the checklist, the observer will record the activities of
the team members. Note that the atlention is not directed toward assessing how well each
member performs a task. The intent is to record the start and end times of each activity
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performed by each team member. The record will indicate idle times for some team
members when others are task-stressed. The observer may also be able to detect
whether the idle team members are in a position to aid the overloaded workers. At this
stage, observations are considered to be hypotheses concerning potential reallocations of
duties.

These hypotheses are to be examined based upon questionnaire or interview data obtained
from the crew members. Such questionnaires or Interviews will probably not be
amenable to development in the usual manner, including pro-testing. They will
generally be developed during the testing as a result of observing such potential problem
areas as:

a. Grossly unequal task distribution among team members.

b. Opportunities for one team member to assist another but tailing to do so.

c. Instances where actions of a team member hinder the performance of another,

d. Omissions of tasks or task steps because they are not clearly assigned to a
team member.

The questionnaire or interview items will generally covor the following types of topic
areas:

a. Did your workload at any time become so heavy that, in your opinion, your
performance suffered? If so, please explain. Try to be specific.

b. Were there periods of time that your workload was so light that you could
have provided assistance to another member of the crew? If so, please
explain. Try to indicate specific time periods.

c. Do you have any recommendations for redistributing the workload to achieve
greater efficiency? If so, pl6ase explain.

d. Did the design of the equipment make it difficult to work with any member of
the team? If yes, please expla~n.

e. Did all other operators provide proper assistance to you in carrying out your
duties?

f. What modifications in the design of the equipment would improve the
teamwork of the crew?

g. What modifications in the operating procedures would Improve the teamwork
of the crew?

h. Please provide any other comments or suggestions, either favorable or
unfavorable, concerning the equipment design or operating procedures.

i. How adequate were communication mefhods? How were they affected by cold,
clothing, ambient noise and the like?'

5.13.5 Data Required If objective system and subsystem performance require-
ments have been established, the performance analysis will monItor subsystem outputs
to assure that they meet the established standards. If they do not, causal factors should
be identified.
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5.13.6 Data Reduction mnd Presentation Recommendations developed In this
test procedure will have implications for equipment design, craw station layout, or
personnel training. Data will be summarized from questionnaires and interviews and
presented In tabular form.
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* 5.14 TEST PROCEDURE - INFORMATION SYSTEMS

5.14.1 Objective This section describes measurement considerations in assessing
information system functioning. The timely flow of information ooordinates the
activities of operators/maintainers and the degree of usefulness of "Ie transmitted
Information can set limits on the performance of the full system. Material in this
section is relevant to any information flow network even though it has been prepared
within the context of a command-control center where converging data paths provide
factual data for use by decision makers.

5.14.2 Criteria Inforration processing systems can be analyzed In terms of their
performance in accomplishing four basic information processing functions:
disseminating information, compiling information, computing, and providing ready
access to a data base. For particular systems, differential weights may be assigned to
each of these, in accord with their approximate relative importance in the system, in
order to derive an overall measure of system performance. Criteria for evaluation of the
soldier-computer Interface are contained in TOP 1-1-059. Criteria for control and
display aspects of information systems are contained in appropriate sections of the
Controls and Displays Sample Design Checkfists in Appendix B of HEDGE.

5.14.2.1 System Performance In assessing system performance, the unit of measure-
ment is the individual message. Performance critcria, if available, should be stated in
terms of system responsiveness (time), thoroughness (proportion of messages reaching
the specified user, or proportion of responses satisfying queries), and readability of
messages (legibility and understandability).

5.14.2.2 In.2LMLtg. .Quality In assessing the quality of information processed by the
system the unit of measurement is the data item or the data field (in a fixed format
message). Information quality criteria are reievance, timeliness, completeness, and
accuracy.

5.14.3 Facilities and Instrumentation

5.14.3.1 FaG .tjes Tests of information systems are generally conducted incre-
mentally during early stages of system development. Full-scale testing is seldom
possible until the time when a production unit of the system is available. The reason is
that command/control systems are generally developed and delivered incrementally.
Initial deliveries may, for example, be limited to a central processor and its associated
executive and general software. Subsequent deliveries may add peripheral equipment
capabilities and functional software capabilities. Each increment has associated testing
considerations. In all instances testing is accomplished with the actual equipment. The
facilities will vary, depending upon the type of test being conducted.

5.14.3.2 Instrumentation None.

5.14.4 Method A system which expedites the transport of messages results in a
more efficient communication of the contained information. This capability is a
characteristic of the svstem's Uerformance± and is logically separable from the
characteristics of the information contained with the message.

However, efficient message flow has little merit if the quality of Information in the
messages is degraded io the point of being Incomprehensible. Consequently, a second
facet of information processing system efficiency is the preservation of required
information Duality.
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5.14.4.1 Geniral Guidelines The distinction between measures of system performance
and measures of Information quality Is crucial. In brief, assessment of Information
processing system efficiency requires both the measurement of the processing of
messages and measurement of the Information the messages contain. There are certain
Information processing functions which information systems perform. These functions
are the measurement areas of Interest.

An advantage of this functional orientation lies in its generalizability. There are a
limited number of information processing functions which can be performed by a system
and these functions continue to apply regardless of changes in the other variables. The
functions are: dissemination, data retrieval, compilation, and computation.

a Di 'nation refers to the capability of transporting information from a
data source to one or more physically separated participants. An automated
system provides dissemination capability by direct routing (message
switching or relaying or automatically by comparing data with subscriber
lists of standing requests for information (SRI).

b. Data B~jriev.I refers to the accessing of a data file as a consequence of a
request to select and report specific information.

c. Coplation refers to the function of extracting only specified information
items from files. It necessarily involves 'retrieval," but is a higher order
effort since it implies multiple retrievals and an ordering or sequencing
(transposing) of related information Items in the output message.
Performance of this function involves the search, identification, extraction,
and sequencing -of, items from lists of items in accordance with clearly
specified logic rules.

d. Compuatmo refers to arithmetic manipulation.

Considerations are identified below for analyzing message processing performance and
-information quality in terms of the above four information processing functions.

5.14.4.2 System Performance The message is the iarrier of information. Therefore,
certain performance dimensions can be defined which are directly relevant to the
efficiency with which a system permits a message to transport information. The message
must be transported rapidly from its source to its destination, and it must present the
Information which It contains In a usable form. These performance dimensions are
termed resoonsiveness and readability.

5.14.4.2.1 Responsiveness In Performing System Functions The most Important
characteristic of an information system is the rapid provision of information to a
participant. This rapid provision of information may be viewed as rapidity in relaying
Information from a source to a participant (dissemination) or It may be viewed as
rapidity In responding to requests for certain kinds of information (query/response).

a Diss@03mnallon Within an automated system, desired information can be
automatically routed to a particular participant. A measwe of primary
Importance is that of the elapsed time from the moment Information is made
available to a system until the message(s) containing that Information is
made available to a participant.
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A procedure should be defined which permits the timing of a message from the
moment information Is provided for entry Into the system until it is made
available to the responsible participant(s). In accomplishing this It is of
little Importance whether the ful! report of the event Is transmitted as a
single message or as several. The HFE specialist needs to know the exact text,
and time and location of Insertion of the original report of the event. The HFE
specialist must also Identify the units of information in the original message
which will be of interest to each participant served by the system, and must
time the receipt of each unit of information at its destination.

System responsiveness Is, then, considered to be the elapsed time from
provision of the report of an event to receipt of a relevant message by each
concerned participant.

b. Querv/Re.ponse Problem situations often arise which require information
which may not be locally displayed. In such situations a request may be made
for the desired information.

A query message may be inserted to search the computerized data base.
System responsiveness in performing this search may be defined as the
elapsed time from a participant's expression of the query to the moment a
usable response is received back. (Once again, the quality of the information
In the response will be discussed separately, below.)

c. Compilation and Computation These functions are special cases of the query
described above. The measure of system responsiveness can be defined as the
elapsed time from start to completion of the function. "Start" is defined as the
tirwe that a participant or the machine begins to organize or manipulate the
data to produce an output message. Completion of the function is defined as the
time the message containing the desired Information Is made available.

Regardless of the function being analyzed, It Is obvious that the actual
quantitative value of throughput time or response time depends upon the
required processing and (in the case of multiprocessor or multiprogramming
capabilities) is also dependent upon other jobs being processed. In all but the
very simplest systems there is an established priority Imposed upon the
various terminals or type of systems demands. These priorities are in turn
determined from operation considerations. Thus, the ultimate demands of the
system analysis require these performance statistics (throughput time and
response time) to be gathered for each class of demand on the system.

5.14.4.2.2 Information Quality When a message Is received by a decision maker
there are four characteristics of its contents that are of immediate concern.

a. RBi1anc The measure of relevance as a dimension of information quality is
concerned with the provision of only necessary and sufficient data to any
selected participant. If an Information system fails to provide necessary
Information, the quality of problem solutions must, by definition, suffer. On
the other hand, If the system provides much Irrelevant information, the
participant may be unable to cope with the bulk of data anc.jhe quality of
problem solutions may also be degraded.

For an automated system the Issue of determining what Information is
relevant can often be resolved by each system participant who may file
control messages In the system to indicate the types of Information he/she
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wants to receive. Within limits Imposed by the system's ability to
"recognize' types of data, the participant may specify as much or as little
information as he/she desires. Thus, a measure of "relevance" will have a
restricted applicability for sophisticated systems which automatically
disseminate information. All data messages received at a particular station
should be relevant in terms of each parlirip; nt's definition, unless the
participant fails to enter all of his/her criteria.

b. Timeiness A primary requirement of an information system is that it
provides information as soon as possible after an event of interest has
occurred.

c. CoMp1eness Completeness can be defined as the percentage of data items
present in a message as a function of those available and relevant to user
needs. Its measurement requires considerable subjective judgment and its
general use for all messages cannot be recommended. For specified message
types, however, it may be useful.

d. 6 In determining which data items are in error, the criteria in most
instances will be the contents of the message which was provided for input to
the system. Thus, if an enemy unit location is input, the geographic
coordinates must be unchanged as the message is processed through the
system. This standard can be applied directly for all data messages, most
query messages, ard most messages which resuAt in compilations of data.

5.14.4.3 Test Strateg The primary objective of Design Testing is to assure the
satisfactory functioning of portions of the system operating singly and in unison. These
include the systemn operators-and maintainers, hardware, software, communications, and
operating procedures. Each of these has the potential of disrupting or introducing
distortion in the information flowing through the system. Consequently, each must be
addressed prior to the conduct of assessments of full system performance. Because
hardware and software are usually delivered incrementally, test repetitions must occur;
test objectives and content will increase in scope with each such repetition.

5.14.4.4 Jest.Elan Tests plans will specify the followin; as a minimum:

a. Purpose cf test.

b. Implications, or requirements for the test.

c. Test environment.

d. Specific equipment requirements and configurations.
e. Participating military units.

f. Test personnel and their duties.

g. Requirements for military personnel and logistical support.

h. Test materials includirng specific test messages.
i. Test procedures (detailed).

J. Criterion measures.
k. Scoring and data reduction procedures.

I. Data analyses.

m. Test schedule.
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Test messages which will serve to Initiate predictable system responses will be
prepared in advance and these messages will be traced from source to expected
destination. In this manner, all systom capabilities will be exercised, from simple
message routing responses, to queries, to oomplicated functions. The ests will sample
across a range of tactical contingencies and will exercise all system capabilities
(including automatic iissemination, data repository, and collation and computational
capabilities). Diagnostic scoring procedures will be emplovtd so that data flow
inadequacies may be traceable to the following kinds of error: user data input error,
communicaiions, software inadequacy, hardware inadequacy or malfunction, or
procedural errors.

The design verification test will be sufficiently comprehensive to assure that all major
portions of the system ars fully checked-out and integrated and meet design
specifications. The tests will attempt to duplicate tactical operating conditions and to
assure efficient performance of each data processing function under operational
conditions, During certain of the tests, 'failures" will be introduced on a controlled basis
to assure that the system operates as intended under simulated conditions of system
degradation.

5.14.4.5 T Specific control procedures will be defined and data collection
procedures will be outlined in detail. In general, the following will be performed for
aach ff the tests:

a. Ascertain that the system operators, maintenanca personnel, miltary
observers, and contractor personnel required for the tests are available on
site.

b. Bsie! regularly assigned and interim test personnel on any unusual test

requirements.

c. Verify that the hardware configuration is as specified.

l. Load pretest data.

e. Manually maintain a test journal throughout the test for post-test analysis.

f. Recover selec.led message printouts.

g. Provide for analysis the test journal, message printouts, and a log tape, to
include:

( 1 ) O4erational messages.

(2) Control messages.

(3) Record of detected equipment malfunctions.

A distinction is drawn between an exercise scenario (which contrcls the nature and
frequency of events scheduled to occur during the full system test) and the HFE test
scenario (which is the listing of the sample of stimulus messages within the context of
detailed test operating procedures).

The HFE specialist should work closely with the senior test engineers and exercise
controllers to attempt to insert into the exercise scenario lest messages of particular
importance to the attainment of HFE lest objectives. The test scenario in this instance
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will be the exercise scenario with relevant incidents ani messages, with tagged Scenario
material.

The determination of what will constitute a relevant incident and message will be based
upon the following analytic scheme:

L. Assure that major Information content areas and significant machine
processes are presented in the test in terms of specified message types.

b. Determine specific output message content, required input message content,

and relevant data files and machine processes for each selected message type.

c. Identify source(s) and potential uses of each message type.

d At each data transfer point, Indicate criteria relevant to assessment of system
functioning and provide suggestions for their measurement during exercise
observations.

5.14.5 Data Required A comprehensive running account of each test will be
manually maintained throughout the periods of test. This detailed journal will serve to
record every incident relevant to system operation, including: equipment and software
perfcrmance; operator, participant, and observer remarks; changes in equipment
configuration; time and conditions for initiation or close-out of test phases: and any
departure from the planned test operating procedures. The journal will become a part of
the test report.

5.14.6 Data Reduction and Presentation The general testing scheme will be to
structure scenarios to present realistic problem situations which will be reflected in
preselected types of output messages. The output messages should be assessed in terms of
their quality. Since controlled input data were introduced, a standard exists against
which output message quality can be assessed. In the event of information degradation,
attention can be directed to diagnostic scores to determine the source of the error, as was
discussed earlier in this section. Data should be presented in tabular form and compared
to applicable criteria.
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5.15 TEST PROCEDURE -TRAINING ASSESSMENT

5.15.1 Oblective The purpose of this test procedure Is to provide HFE specialists
with descriptions of methods, criteria, and measures for the assessment of the adequacy
of new equipment training (NET). The procedure applies to: (1) the assessment of
training as part of a broader HFE test and assessment of a specific system, and (2) the
assessment of training programs and systems In their own right. In either case the
procedure is applicable at any one of three periods: prior to the actual oo;'duct of
training, when the system is still under development; during the conduct of training; and
after completion of training, when the system is being deployed.

5.15.2 CrIterl The assessment of training effectiveness entails measuring
trainee performance along defined dimensions in terms of required levels of
performance as stated in the IAP, IEP, TDP, or test item requirements documentation.
Manuals used in training can be evaluated using procedures contained in TOP 1-2-609.
Additional criteria and methods for training evaluation are contained in TOPs 7-3-501
and 10-2-501,

5.15.3 Facilities and Instrumentation None.

5.15.4 Method An assessment of training requires a test and anialysis of the
adeqoacy of training methods and media, and an assessment of the effectiveness of the
training. The test and analysis techniques appropriate for the assessment of training
methods and media include:

a HFE analysis.

b. Observation/checklist of training activities.

0c. Interviews.

d Questionnaires.

e. Training effectiveness assessment.

The only one of these assessment techniques which is applicable to a test and analysis of
training prior to the actual conduct of the training is the HFE analysis. This analysis
involves: inspecting training equipment; reviewing documentation on training
procedures; and identifying training measures and relevant criteria. Based on these
inspections and surveys, problems are identified in the areas of:

a. Course content.

b. Training material and media.
c. Training procedures.

d. Training measures and criteria.

e. Instructor capabilities.

5.15.4.1 General Guidelines Observations, interviews, and questionnaires will be
constructed to identify problems in these same areas. However, these techniques may
only be applied during and ahler the actual conduct of the training. Measurements of
training effectiveness can only be conrducted after training is completed.
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5.15.4.2 TsSta" Test method altematives include the following:

a HEEiAuaygl In this method the HFE specialist will prepare a checklist
addressing the Assessment of training equipment and materials prior to the
actual administration of training.

b. s•3bs raLo Here the HFE specialist will prepare a checklist to be used in
recording the assessment of observed, on-going training.

c. Questionnaire/linterview In this method the trainees will provide infor-
mation concerning their assessment of the training course and of their own
capability levels.

d Performance Measurement In this assessment of training effectiveness data
will be obtained which reflects the level of performance of trainees &LU
training. The data will be compared against performance requirements or
criteria identified for the system.

5.15.4.2.1 EAnaysis The checklist to be developed and used by the HFE specialist
in the assessment of the training program prior to the conduct of training must address
the following areas:

a. Course content:
(I) Complete and comprehensive, conveys all that the trainee needs to

know.
(2) Compatible with the general entrance skill levels of trainees.
(3) Organized in a building block approach.

b. Training materials and media:
( 1 ) Test malerials are clear and readable.

(2) Sufficir.,,• train;ng aids and instructional materials are provided.

(3) Manuals are organized by subject matter.

c. Training procedures:
(1) Feedback provided to the trainee concerning his/her performance and

status.

(2) Time spent in training is sufficient.
(3) Training of procedures is parallel with item use.

d. Training measures and criteria:

( 1 ) Specific measures of training effectiveness are available.
(P) Criteria are available which are unambiguous.

e. Instructor capabilities:

(1 ) Instructor skills and knowledge (as instructors as wel-as subject
matter experts) are specified.

(2) Instructor selection criteria are indicated. 4
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5.15,4,2.2 Observaion The observation of selected test participants as trainees
proceeding through the course or Instructional period will also require use of a special
checklist to record problem areas. The checklist will provide space next to each time
critical task for citing problems in terms of the assessment aspects discussed above
under HFE analysis.

5.15.4.2.3 Questionnaire/lnterview Questionnaires and interviews will sample
traina. opinions and attitudes toward training received. The HFE specialist will first
ist the important subject matter areas and will then format the data (questionnaire or
Interview guide) to address for each subject matier area:

a. The trainee's skill level at the termination of training.

b Whether sufficient training time was expended in the area.

c. Whether materials and documents were readily readable.

d. Whether instructors were effective.

The questionnaires to be used include the NET (New Equipment Training) Analysis
Questionnaire and the Training Debriefing Questionnaire provided in Appendix A of Part
I.

5.15.4.2.4 Performance Measurement The HFE specialist will list all tasks included
in a training course, and will identify measures of trainee performance for each. He/she
will also determine if performance criteria or standards exist for each individual task,
either in general or specifically for the system or training course. Finally, the HFE
specialist will determine how to acquire data on each of the identified measures
(observation, sensors, instrumentation, timers, data obtained from other item subtests,

*etc.).

5.15.4.3 JestIoi Training assessment will be conducted as described in the
respective test plans,

5.15.5 Date Required The data required includes the results of the HFE analysis,
observations, questionnaires, interviews, or performance measurements.

5.15.6 Data Reduction and Presentation For all methods other than
performance measurement, the significant results of the assessment are the problems
Identified for training. In the performance measurement method, comparisons will be
made between acquired levels of performance and performance criteria. Data will be
presented in tabular form.
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5.16 TEST PROCEDURE-WORKLOAD ASSESSMENT@
6.16.1 Objective This procedure is ooncemed with auessment of the magnitude of
task loading placed on individual operators during different operltional oonditlons and
with identification of workload problems which may lead to reduced l:•:d)rlilor/malntainer
pedormance.

5.16.2 Criteria Workload criteria can address either physical workload in terms
of force exertion and lifting requirements or mental workload in terms of information
load, information processing, decision rate, etc. Physical workload is addressed in
section 5,7. Mental or cognitive workload is of relevance in HFE testing in that excessive
workload imposed by Ilem tasks may exceed human capabilities and lead Io en'ors which
Impact personnel safety and/or mission success.

5.16.2.1 Assessment of WorklQad Problen'• A Workload Assessment Form is included in
Appendix A of Part I. This is actually a specialized interview form which the HFE
specialist uses to elicit descriptions of workload problems from experienced
operators/maintainers.

5.16,2,2 Workload Measurl•ment A number of workload meas:Jrement methods have
been developed and used to provide numerical criteria for magnitude of workload. These
methods generally involve analysis of system/item task requirements and ratings of task
information load, cognitive demand, difficulty, complexity, etc. by experienced
operators/maintainers. While workoad measurement me•hods provide systematic
approaches for quantifying workload based on judgments and reports by experienced
personnel, there are questions of validity and interpretation attached to outputs of these,

SExisting workload measurement methods may be applicable to certain Test Item Classes
such as Air Vehicles and 1o certain test objectives such as comparative analysis of
competing systems. HFE specialists working in tc•st areas where task workload is
relevant to test item evaluation should review the workload measurement area based on
their particular test requirements. The current status of workload measurement has
been reviewed in considerable detail by Lysagh! et. el. (1989), References are provided
in Appendix F. Methods, measures and criteria which may have applicability to HFE
testing include:

a. Analytic Techniques

( 1 ) Workload components (Aldrich, Craddock & McCracken, 1984)

( 2 ) Subjective Workload Assessment Tool (SWAT) (Reid, Shingledecker
and Eggemeier, 1981)

(3) Pro SWAT (Eggleston & Quinn, 1984)

b. Subjective Techniques

( 1 ) Modified Cooper-Harper scale (Cooper & Harper, 1969)

( 2 ) WCI/TE scale (Donnell, 1979)

( 3 ) NASA Task Load Index ('TL.X) (Hart and Staveland, 1987)

5.16.2.2.1 Analytic Techniaues The analytic and subjective measures il/led above all
Involve some type of subjective judgment on the part of experienced ly&•m operators.
The analytic technique category has been split out here to Include wolldoad techniques
which can potentially be applied during system development before mockups,

SW simulators, or ectual proto•q:)es are available for operation. The subjective techniques,
on the other hand, use rating scale responses by operators during or following item
operation.
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The McCracken-Aldrich workload components approach (Aldrich, Craddock &
McCracken, 1984) utilizes task analysis and an approximate time line or sequence of
tasks applied during system development phases. Ta.ks are characterized as requiring,
In varying degrees, operator cognitive resources on dimensions of cognitive, visual,
auditory, kinesthetic, and psychomotor. Tasks are described as conceptual designs are
developed. Candidate tasks are assigneo values on each of the five resource dimensions by
experienced operators who also provide estimates of task durations. In developing a
workload measure, the ratings are summed across concurrent tasks and produce total
demand on each of the five dimensions at each point in time. The McCracken-Aidrich
methodology has been applied to a number of helicopter mission phases.

The Subjective Workload Assessment Tool (SWAT) (Reid, Shingledecker and Eggemeier,
1981) has potential for both analytical workload estimation during development and for
workload rating during task performance. Three workload dimensions are addressed by
SWAT. These are time Ioao, mental effort load and psychological stress load. On each
dimension, three leve!s of difficulty are defined. Before rating tasks, subjects perform a
card sort in which cards containing all 27 possible combinations of levels on the three
dimensions are rank ordered according to judged workload. Essentially, this establishes a
relationship between levels on the three load dimensions and total workload for each
subject. Following the card sort, SWAT raw data can be collected in two ways. If system
tasks can be performed in a simulator or existing system, then operators can be asked to
judge the level of load on the three dimensions after the task in question has been
performed. A second use of SWAT does not require the existence of a system or system
simulator. If tasks can be described which will be performed in a future system, then
operators of a similar predecessor system review the task descriptions and provide
SWAT dimension ratings. This approach has been called Projective SWAT (Pro-
SWAT)by Eggleston and Quinn (1984).

5.16.2.2.2 Subiective Techniaues Workload measures in the subjective techniques
category above were were developed for and have generally been applied to cases in
which an operator performs system tasks using the system under test. The Modified
Cooper-Harper Scale (Cooper & Harper, 1969) is a unidimensional workload rating
scale with 10 intervals. Raters are provided with materials describing each scale value
and are asked to assign a scale value to a given task. The NASA Task Load Index (TLX)
uses six workload dimensions - mental demand, physical demand, temporal demand,
performance, effort, and frustration (Hart and Staveland, 1987). The first three
dimensions are considered to assess exiernal demands placed on the operator while the
last three assess internal characteristics of the task. A weighting techniilque is provided
to combine task ratings on the six dimensions into a single workload metric. This is
based on judgments by raters of the importance of each dimension for overall workload.

5.16.3 Facilities and Instrumentation None.

5.16.4 Method Distribution of workload within a crew affects operator
performance. With the formation of any group which is to function as a crew (in the
operation of equipment) there is ooncern that the workload of each participant is not
distributed in a manner that will permit maximum efficiency. Optimum distribution of
workloads is a goal that attempts to achieve maximum efficiency and effectiveness of
operation.

5.16.4.1 General Guidelines Underfoaded positions should be oomblined with other
underloaded positions with the same skill or with similar tasks. AddltKnl manpower
should be added to overloaded positions or the work stations should be redistributed.

0
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To determine periods of peak personnel and equipment overload, the HFE specialist may
use a form of lime line analysis which plots operator activity against time. In this way
he/she can observe excessive task demands as well as excessive inaction. To confirm or
to supplement observations, questionnaires may be given to the test participants to
provide for their Inputs.

Ouestions may be asked, such as:

a Did your workload at any time become so heavy that, In your opinion, your
performance suffered? If so, please explain. Try to be specific.

b. Do you believe there were periods of time that your workload was so light
"that you could have provided assistance to another member of the crew? If
so, please explain. Try to indicate specific time periods.

c. Do,.you have any recommendations for redistributing the workload to achieve
greater efficiency? If so, please explain.

5.16.4.2 T The HFE specialist will identify critical tasks using the
appropriate Sample Task Checklists provided in Appendix A of HEDGE as a source of
generic tasks for the Test Item Class and Subclass. Test item documentation including
operating manuals, maintenance manuals and inputs from experienced operators of the
test item will be used to identify critical tasks which are specific to the test item. These
critical tasks will then be enumerated on the Workload Assessment Form contained in
Appendix A of Part I or used as the task set to which workload measurement techniques
are applied. Prior to listing the tasks the HFE specialist will identity the tactical and/or
environmental conditions, selecting the conditions which should produce maximum and
minimum workload for the operator

Working with test participants who are experienced operators/maintainers of the lest
item, the HFE specialist will obtain the data needed to assess workload or identity
workload problems. These data will include time requirements for each critical task
such as time constraints (limits on time available) or time to perform (measured or
estimated). Identification will then be made of the tasks conducted simultaneously by the
operator. Effects of time delays on completion of the critical tasks will be evaluated and,
based on these data, workload problems will or will not be identified. Ratings of the
workload dimensions of critical tasks will be obtained if workload measurement methods
are being used as described in paragraph 5.16.2.2

When the test item is clothing or personal equipment to be worn In the field, an
assessment must be made of the effect of wearing the arlicle of clothing and/or
equipment on the operators workload. A test of fatigue effects ol clothing or equipment
is presented in Section 5.19, Dexterity.

5.16.5 Data Required If the Workload Assessment test utilizes the Workload
Assessment Form from Appendix A of Part I then the data will oonsist of completed
forms which identity workload problems. If workload measurement methods are used as
discussed in paragraph 5.16.2.2, then these will result in workload rating data whichshould be reported along with test test conditions, critical tasks, workload definition
assumptions, and summary workload metrics

5.16.6 Data Reduction and Presentation A summary tabulation of critical
tasks having workload problems or workload measurements by task or mission segmen!
will be constructed. Where competing systems or system variants are being compared in
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terms of workload, tabulation of workload by system will be prepared to facilitate
comparison.
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5.17 TEST PROCEDURE -TASK CHECKLISTS

5.17.1 Objective The purpose of this procedure Is to Identify operator or
maintainer performance problems through the use of Task Checklists.

5.17.2 Criteria None.

5.17.3 Facilities and Instrumentation

5.17.3.1 Fac'lifieos None.

5.17.3.2 Instrumentation Photographs and/or video tape recording using equipment
listed in TABLE 2.1 may be useful in documenting results of task check!ist testing.

5.17.4 Method The HFE specialist will review the Sample Task Checklists provided
in Appendix A of HEDGE for the Class and Subclass in which the hem has been categorized
as described in section 2.4 of HEDGE. Sample Task Checklists contain generic types of
tasks which are often applicable to the Test Item Class and Subclass. Test item
documentation including operating manuals and maintenance manuals will be reviewed to
identify specific tasks required by the test item. The HFE specialist will strike tasks
from the list, add other tasks not on the list, or change the sequence of tasks as
appropriate. This can be done by photocopying the Task Checklists from the HEDGE
document and modifying the copies.

5.17.4.1 General Guidelinegs The major step in the planning of tests using the Task
Checklists is to complete the checklists as described in paragraph 5.17.4 above. In
preparing for the lost, the HFE specialist should identify potential performance
problems based on his/her experience with similar items. He/she should also identify
performance criteria specified in the lAP, IEP, TDP, or Requirements Documents for
each task. If appropriate, cold regions environmental effects to be considered in the
assessment of each task, and of task sequences, will be identified using Appendix D of
Part I.

5.17.4.2 Ts g• j A pretest will be conducted by having an HFE specialist walk
through the sequence of tasks to id tify potential problems, as part of the HFE analysis.
This process is described in sectio, J.5 of Part I. The actual performance testing using
the task checklists entails having test parlicipants, selected to be representative of at
least the extremes of the population, walk through the sequence of tasks. Where the
participant notes problems he/she advises the HFE specialist who is observing and
completing the checklist. At other times the HFE specialist may identify a problem, or
may interrupt the sequence to question the participant concerning a potential problem.
In this manner the entire task checklist is completed. In completing task checklists,
check the YES column If performance on the task is adC..u.&at and no problems are
encountered. Check, the NO column if performance on the task is Joadejaigand problems
are encountered. Use the Comments column (and additional sheets If necessary) to
describe any task performance problems identified. Check the N/A column if the
checklist Item Is •fl•tLaicabI,.to the test item.

5.17.5 Date Required Descriptions of the existence of performance problems,
with Information oovering the likely cause of the problem, are to be noled,,
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5.17.6 Data Reduction and Presentation Data reflecting problems identified in
the use of this procedure will be categorized as deficiencies or shortcomings using the
criteria identified for Design Checklists in section 5.8. Data from the Comments column
of the Task Checklists will be presented In tabular form. Video recording oq. selected task
walk-throughs may be useful to document task performance problems. Photographs of
fthe iem components or design features Involved in task performance problems may be

useful to document task problems and related design deficiencies.
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5.18 TEST PROCEDURE -QUESTIONNAIRES AND INTERVIEWS

5.18.1 Objective While the HFE specialist should attempt to collect objective data
whenever possible, there are many test situations where It Is not possible, or where
objective data are not sufficient to enable a complete analysis of a system or lest hem. In
these situations, the HFE specialist should make full use of subjective methods in
assessing the HFE aspects of an hem or syserte.

Subjective methods differ from objective techniques primarily in the source of obtained
data. In the subjective approach, tne data used in the assessment are opinions and
comments provided by experienced operators of the the test Item or system. In the
objective methods, the data are derived from measurements of hem or system design
features or characteristics.

In this sense, subjective methods serve several different purposes which are Important
for the HFE test objectives. First, they provide the means to analyze the HFE aspects of
an item where no objective measures are available. Second, they serve to supplement and
support objective data by providing additional information on problems and causal
factors in problems. Third, they enable assessment of personal aspects of an item
(acceptability to the participant, participant comfort, convenience of Item design).
Fourth, they provide a method to sample the degree to which the Item participants know
what they need to know. Thus, the types of information to be obtained by subjective
methods include attitudes, opinions, and preferences of participants, insights into
prob!ems, judgments of the adequacy of design features or procedures. and indications of
their knowledge.

5.18.2 Criteria None.

0 5.18.3 Facilities and Instrumentation

5.18.3.1 Faciliies It is usually the responsibility of the HFE specialist to make
arrangements for a suitable room in which to hold a group Interview or administer
questionnaires. In this case, consideration must be given to selecting a centralized
location convenient to most of the group (to minimize transportation requirements) and
to the availability of seating and writing facilities. Consideration must also be given to
environmental factors such as adequate heating or cooling, lighting, and a lack of
distracting noises or activities which would adversely affect the results. In addition to
ensuring an adequate supply of questionnaire forms and pencils, the administrator also
should make arrangements for visual displays which may be required for the
orientation; these may Include actual samples of the test hems to be assessed during the
interview or pholographs of the Items in various configurations. Such displays are often
helpful to the respondents In identifying the hems discussed in the questionnaire.

5.18.3.2 Instrumentation. Photographs may be useful to document design features of
test items or problems referred to by questionnaire/interview respondents. Applicable
equipment is listed in TABLE 2-1.

5.18.4 Method

5.18.4.1 Questionnaires A questionnaire Involves a series of structured questions
presented to a group of lest participants In order to sample their oplnbnaoettltudes, and
preferences concerning an Item, components of the Item, or procedures Iwolved In using
the item. Questionnaires usually require a participant to rate the component or
operation In some dimension ranging from extremely positive to extremely negative.
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Based on these responses, the HFE specialist has information concerning what
participants think of the item. The primary advantages of the questionnaire are: (1) its
"orlentawion to the',ltem operation, operator, or maintainer; (2) the fact that it can be
administered to a group of participants simultaneously; and (3) Its capacity to sample
opinions and attitudes while placing a minimum workload on the particcmnt. Usually all
the participant needs to dc is check off the best answer, much as In a multiple choice
test. The main disadvantage of the questionnaire method I& that It Is limited to sampling
opinions on these aspects of the item which the developer of the questionnaire has
Identified beforehand as potential problems and for which the participant has knowledge.
The participant may have insights Into problem areas which have escaped the
questionnaire developer, and the questionnaire form usually does not enable the
participant to identify such areas. A second drawback of questionnaires Is that they
usually require a respondent to note that a problem does or does no: exist, and If it does,
the magnitude of the problem. Such a form does "'ot provide d~itonatl information on the
perceived causes of the problem. This disadvantage is usually avoided through the
inclusion of an open-ended question which provides space for the participants to expand
on their answers to specific questions.

Questionnaires are usually administered at the conclusion of the test or test segment
when there are more than 10 test participants. While checklists are concerned with the
problems observed during conduct of individual tasks, questionnairos attempt to identify
problems based on participant opinions, attitudes, and Insights. Questionnaires either
directly ask if the participant has .nced problems, or they have the participant
rate an operation or equipment component along some dimension (performance, design,
safety, comfort). Rating scales are usually constructed to include from four to six
responses. One approach is to include an even number of alternatives (usually four or
six), half of which are positive and half negative. An advantage to rating scales which
have an even number of responses is that the participant is forced to select either the
favorable side or the negative side of the scale. There is no central or neutral or n2
gljo response available so the participant cannot choose to 'sit on the fence*. Sample
equal appearing interval rating scales are provided in Appendix B of Part I

A good deal of care must be exercised in the development of questionnaire Items. First and
foremost, since the completion of a questionnaire requires time and effort on the part of
the respondent, the length of the questionnaire should be as short as possible while
covering the required objectives. Second, the HFE specialist should select questions
where the answers will be valuable in the assessment of the item rather than using the
questionnaire for background or clarifying information. Third, the phrasing of questions
and available responses must be such that it does not bias the response one way or the
other. Finally, each individual question should be as clear and concise as possible. The
only way in which a participant can interpret what it is that the HFE specialist wants to
know is fiom the wording of the question. Lengthy or obtuse questions will require the
partici.pant to infer the meaning and intent of the item, with a good probability that the
Inferenc', will be wrong.

5.18.4.2 Interviews An interview Is a subjective technique which provides a
maximum of information from representative participants, especially In terms of
Insights and acceptability estimates. Interviews should be used when there are 10 or
fewer participants. A drawback to the interview technique is the time it requires to
administer. Unlike the questionnaire, the interview can only be administered on an
Individual basis. Therefore, to sample the opinions and attitudes of a number of
participants, the time required to collect this information varies as a dllrect function of
the number of Interviewers and interviewees. A second common failing of the use of the
Interview technique is the treatment of the Interview as an unstructured, open-ended
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discussion period. The most effective approach to Interviewing proceeds from the use of
a structuwed interview guide. This guide represents a set of questions which are asked of0 •each participant. Use of this guide ensures that topics discussed by different porticipants
are comparable, and also that the problem areas identified by the HFE spW/Alist are
discussed. The guide will identify the questions to be posed to partiolpants. Responses
can be recorded in written form In space provided on the guide or, when practicable, on a
voice tape recording which can be transcribed at a later time.

The structured Interview guide Is made up of a series of questions selected on the basis of
their relative importance for the assessment of the item. The same series of questions is
presented to each participant. The relevance of the series to real problems with the item
depends in large part on the care taken by the developer of the guide in identifying
questions which are directed toward acquiring additional information on the real
problems. The use of the interview technique avoids one problem involved with the use
of questionnaires, that of depending totally on the ability of, the HFE specialist to identify
the problem areas where additional information Is required.

5.18.4.3 Questionnaire preparatign Sample questionnaire items are shown in
Appendix B of Part I. Construction of a questionnaire should proceed through the
following steps, using TECOM PAM 602-1, Volume I as a guide:

a Preliminary Planning Identify information required from test partici-
pants, questionnaire administration procedures, sample size and type,
location of administration, data analysis techniques.

h. Selection of Questions Select responses as dichotomous (yes-no), forced
choice (positive and negative only - no neutral middle level), multiple
choice (series of alternative responses), rating scale (scaled series of
resrponses from highly positive to highly negative), and/or open-ended
(provision for participants to add comments, explanatory information, etc.).

c. Wording of Question, Wording of questions is to be concise, understandable,
clear, unbiased, and relevant. Where questions are required which address
Item comfort, protection, ruggedness, fit, or overall acceptability, this can
be done by selecting statements from those in TABLES 5.18-1, 5.18-2,
5.18-3, 5.18-4, or 5.18-5. The statements in these tables are used in place
of the 6 point rating scale in Appendix 8 of Part I in which 1 is the least
favorable, and 6 the most favorable rating. The tables show a mean rating and
standard deviation of ratings for each statement. The means and standard
deviations in the above tables arose from ratings of favorability/
unfavorability of statements by raters. Note that these persons were ni
rating a test Item - they were rating satement. The mean rating expresses
where a question falls on the 6 point scale. For Item comfort in Table 5.18-
1, for example, the statement "Superior comfort' has a mean rating of 5.50
and indicates a very favorable response. If a test participant chose "Superior
comfort* as applicable to a test item, then the score of the Item on the
dimension of comfort would be 5.50. On the other hand, Nf a test participant
selected the statement "So uncomfortable it can barely be worn* as applicable
to the test Item, then the Item would only score 0.40 on comfort. The standard
deviations reflect the spread of rating responses to statements. A large
standard deviation indicates greater variability in the rating responses to a
particular statement. This means that raters were not able to respond
consistently or unambiguously to a statement. The larger the standard
deviation, the greater was the rater uncertainty about how to rate the
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statement. In Table 5.18-1, the statement -Extremely comfortable' is more
ambiguous than is *Excellent comfort" since the stardard deviation for the
former is larger than that for the latter. To use the above tables, soect five
or six statements which span the range from 0 to 6. Where there is a choice
between statements having similar mean ratings, select the slatement having
the lower standard deviation. See paragraph 5.18.6 for an euample the use of
the above tables.

C. Formulate Quastionnaire Formulate sequencing of questions, assurance of
adequate coverage, and wording of instructions. Questionnaires need to contain
items addressing the following:
( 1 ) Overall ease of operating the test item
(2) Overall ease of maintaining the test item
(3) Overall user acceptability of the test Item.

e. pre-test Questionn•ire Use a smal: representative group of participants to
identify problems in meaning of responses, intent of questions, length of
questionnaire, etc.

5.18.4.4 Interview Prefaratiori The construction of interviews entails the
development of a structured interview guide. The guide is actually a questionnaire used
for obtaining data from a relatively small group (10 or fewer test participants).
Requirements for the guide are the same as those identified above for questionnaires. A
sampla interview guide is presented in Appendix B of Part I.

5.18.4.5 Test Cooduct Conducting the test requires completion of questionnaires by
test participants and/or conduct of the interviews with test participants using the
interview guide. Instructions to participants should stress that their honest opinion is 6
being sought about the test item and that the data will be used for evaluation of the test
item not for grading the participants. The questionnaire or interview is not a test with
correct and incorrect answers. There should be no threatreward aspects to
participation due to rank, nature of responses, etc. and, perhaps more Importantly, none
should be g*rngj by participants. Often, this requirement can be met by assuring
participants of anonymity. This can be accomplished by nr= asking for the participant's
name. Anonymity may not be practical because the participant may be involved in other
aspects of the tast, or it may be desirable to contact participants later for additional data.
It may suffice to assure participants that their names will be retained only during the
test, that each individual's responses will be averaged or combined with those of others,
and that no permanent record of responses will be kept from which Individual
participants can be identified. In general, the best means available should be employed to
assure participants that they will not suffer from having given their honest responses
which they believe best characterize the test item.
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Table 5.18-1. Mean and Standard Deviation of Ratings
of Statements for Use in Developing
Specific Rating Scales for Item Comfort

Standard
Mean Deviation Item Comfort Statement

5.50 0.84 Superior comfort
5.44 0.75 Superior In comfort
5.42 0.69 Excellent comfort
5.04 1.01 Exceptionally comfortable
4.99 1.45 Extremely comfortable
4.93 0.93 Perfectly comfortable
4.43 0.99 Very comfortable
4.41 0.65 Comfort Is very satisfactory
4.13 1.38 Unusually comfortable
3.72 0.78 Comfort is satisfactory
3.51 0.87 Generally quite comfortable
3.44 0.59 About average comfort
3.39 0.83 Fairly comfortable
3.24 0.80 Moderately comfortable
2.58 0.81 Not too uncomfortable
2.57r 0.86 Usually comfortable but sometimes uncomfortable
2.40 0.70 Slightly uncomfortable
2. 32 1 .00 Uncomfortable at times
2.30 1.00 Comfort is not quite adequate
2.05 1.09 Comfort is not very satisfactory
1 .84 1.05 Comfort is barely adequate
1 .75 0.78 Below average in comfort
1 .68 0.91 Somewhat uncomfortable most of the time
1 .66 0.86 Slightly uncomfortable all the time
1.47 1.42 QuIte unobmfortable
1.40 1.14 Very uncomfortable at times
1.12 2.02 Extremely uncomfortable
1.00,11 0.85 Much below average
0.81 0.7€f So uncomfortable it can only be worn for a short time
0.49 0.87 Very uncomfortable
0.40 0.78 So uncomfortable It can barely be worn
0.26 0.94 So uncomfortabie It can't be worn

12
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Table 5.18-2. Mean and Standard Deviation of Ratings
of Statements for Use In Developing
Specific Rating Scales for Item Protection

Standard
Mean Doviation Item Protection Statement

5.65 0.78 Protection is perfect In every respect
5.55 0.54 Excellent protection
5.47 0.92 Protection is superior
5.05 0.77 Protects extremely well
4.94 1.03 Protection Is ideal
4,49 0.70 Protection is very satisfactory
4.26 1.02 Protects unusually well
4.12 0.77 Protection is above average
3.99 0.74 Protection Is good
3.98 1 .00 Protection is very good in most respects
3.50 0.87 Protection is satisfactory
3,31 0.92 Protection is adequate
3.26 0.82 Protection is moderately good
3.23 0.85 Protection is about average
3.20 0.94 Protects about as well as most equipment of its type
3.10 0.89 Protection could better in some ways
2.90 0.76 Protection Is fair but could stand improvement
2.60 0.83 Protection Is fair
2.58 1.11 Protection could be Improved
2.41 0.99 Protection needs Improving
2.37 1.17 Protection is not adequate under extreme conditions
1.94 0.93 Protection is no, quite adequate
1.83 0.94 Protection is barely adequate under moderate conditions
1.81 1.06 Protection is barely adequate
1.78 0.92 Protection Is not very satisfactory
1.78 0.71 Protection is below average
1.44 1.23 Protection L-, hardly noticeable
1.13 0.98 Protection Is slightly better tnan nothing at all
0.92 0.83 Protection is much below average
0.87 0.80 Protection is poor
0.66 1.42 Protection is completely Inadequate
0.21 0.70 Frotection is so poor Item srrves no purpose

1
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Table 5.18-3. Mean and Standard Deviation of Ratings
of Statements for Use In Developing
Specific Rating Scales for Item Ruggedness

Standard
Mean Deviation Item Ruggedness Statement

5.24 0.74 Superior for rough usage
5.09 0.70 Extremely rugged and welt made
4.96 0.09 Exceptionally rugged
4.90 0.81 Excellent for rough usage
4.65 0,73 Very rugged
4.48 1.00 Durability is ideal
4.33 1.15 Unusually rugged
4.32 0.88 Durability is very satisfactory
4.14 0.92 Above average In ruggedness and durability
3.93 0.68 Very rugged in most respects
3.85 0.82 Quite rugged
3.71 0.85 Adequate durability for rough usage
3.59 0.81 Durability is quite satisfactory
3.25 0.98 As rugged as most equipment of this type
3.24 0.95 Quite rugged but needs some improvement
3.23 0.73 Durability Is satisfactory
3.08 0.77 Moderately rugged
2.98 0.82 Durability could be improved
2.94 0.62 Average durability
2.66 1.05 Not quite rugged enough
2.37 0.97 Durability is not quite adequate
1.92 1.20 Shows excessive wear after moderate usage
1.80 0.78 Not very rugged
1.56 1.01 Won't stand up under rough usage
1.53 0.84 Below average durability
1.46 0.88 Durability Is riot very satisfactory
1.42 1.08 Durability Is barely adequate
1.40 1.35 Easily damaged, shows excessive wear
1.21 1.07 Flimsy material and/or construction
1.15 1.12 Won't stand up under normal usage
0.63 0.77 Very poor durability
0.55 0.67 Poorly made, low durability

0
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Table 5.18-4. Mean and Standard Deviation of Ratings
of Statements for Use In Developing
Specific Rating Scales for Item Fit

Standard
Mean Deviation Item Fit Statement

5.81 0.71 Fits perfectly in every respect
5.66 0.79 Fit is excellent
5.61 0.88 Fit is superior
5.49 0.92 Fits extremely well
5.18 1.08 Fit is ideal
4.89 0.79 Fit is very good
4.71 1.17 Fits unusually well
4.41 0.99 Fit is quite satisfactory
4.29 0.79 Fit is very good in most respects
4.25 0.83 Fits comfortably
4.00 0.83 Fit is above average
3.73 0.81 Fit is about average
3.71 0.90 Fit is satisfactory
3.44 0,93 Fit could be improved
3.40 0.86 Fit is adequate
3.27 0.77 Fit could be better in some ways
3.25 0.74 Fit is moderately good
3.07 0.62 Fit is fair
2.98 0.97 Fit needs improving
2.87 1 .00 Fit needs some adjustment
2.35 0.86 Fit is not quite adequate
2.00 0.74 Fit is poor but item is wearable
1.94 0.74 Fit is below average
1.79 1.01 Fit is barely adequate
1 .69 0.78 Fit is not very satisfactory
1.25 1.23 Fit is poor
1.1 9 0.91 Fit is much below average
1.11 0.94 Fit is so poor item can only be worn for short periods
0.96 0.90 Fit is is so poor item can only be used under limited

conditions
0.80 1.07 Fit is very poor
0.76 1.10 Fit is so poor item can't be worn comfortably
0.30 0.86 Fit is so poor item is unusable
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Table 5.18-5. Mean and Standard Deviation of Ratings of
Statements for Use In Developing Overall
Acceptability and General Rating Scales

Standard
Mean Deviation Item Overall Acceptability Statement

6.27 0.54 Excellent
6.22 0.86 Perfect In every respect
5.74 0.81 Extremely good
5.19 0.75 Very good
5.03 0.98 Unusually good
4.62 0.72 Very good in most respects
4.56 0.75 Above average
4.35 0.95 Quite satisfactory
4.25 0.90 Gxd
4.13 1.11 More than adequate
3.77 0.85 About average
3.69 0.87 Satisfactory
3.58 0.77 Moderately good
3.39 0.87 Adequate
3.28 1.09 Could use some mriror changes
3.10 1.30 Not good enough for extreme conditions
2.72 1.15 Not good for rough use
2.11 0.76 Not very satisfactory
2.10 0.84 Barely adequate
2.10 0.85 Not very good
2.03 0.79 Below average
2.00 0.87 Unsatisfactory but usable
1.97 1.12 Needs major changes
1.83 0.98 Barely acceptable
1.79 0.90 Not adequate
1.76 1.21 Not good anough for general use
1.22 1.08 Better than nothing
1.06 1.11 Poor
0.76 0.95 Very poor
0.69 1.32 Very unsatisfactory
0.36 0.76 Extremely poor
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5.18.5 Data Required Data required from questionnaires and interviews include
participant characteristics as well as responses.

5.18.6 Data Reduction and Presentation Consideration must be given to the
quantification and analysis of data during the early stages of questionnaire and interview
development. Plans for the design and administration of the questionnaireaflterview, as
well as for data quantification and analysis, must be developed In conjunction with the
overall plan of the test. This is essential in order to determine such factors as:

a The kind of sample required.

b. The number of participants to be included in the sample.

c. The frequency and schedule of administration.

d. The number and type of questions to be used.
e. The type of analysis which will be performed.

It is unlikely that the questionnaire/interview designer will also be a qualified
statistician or knowledgeable of statistical analysis techniques. Therefore, It is essential
that the individual responsible for the design of the questionnaire or interview seek the
assistance and advice of a qualified statistician. In order to ensure that the questionnaire
produces the desired data, it is suggested that the planning task be approached by first
deciding what hypotheses will be tested. By this process it is possible to determine what
analysis techniques can be employed to test the hypotheses and something about the
tabulations which will be required to summarize the results. From these tabulations, it
is possible to determine the types of questions needed and some characteristics of the
sample required to produce the results. Again, it is emphasized that early consideration
must be given to the form which the data will take and the kind of analysis which will be
made of the data when they are obtained. If this step is ignored, a great deal of time and
effort may be wasted in testing the initial hypotheses.

The end product of the questionnaire or interview procedure may be a simple frequency
distribution of responses to each question summarized In terms of numbers,
proportions, or percentages. The data may be further summarized to include averages
and standard deviations. These quantified data must then be tabulated and analyzed. The
results are summarized in tabular form for inclusion in the final report as shown in
TABLES 5.18-6 and 5.18-7.

TABLE 5.18-6 presents the results of questionnaire Items taken from TABLES 5.18-1,
5.18-4, and 5.18-5 to assess two sets of body armor - a standard and an experimental
version. Tests of the items were conducted over a two-week period and test participants
were asked to fill out questionnaires for both test items after one and after two weeks of
use. Characteristic 1 in TABLE 5.18-6 is freedom of movement. Questionnaire response
statements were taken from TABLE 5.18-5 for overall acceptabilty of the body armor
sets in terms of freedom of movement. The first response is "Extremely good" whose
mean rating scale value in TABLE 5.18-5 is 5.74. The numerical more values shown In
TABLE 5.18-6 are the mean ratings from the appropriate statement tables rounded to
the nearest integer. Therefore, the statement *Extremely good" was taken to represent a
rating of 6. Similarly, the second statement about freedom of movement Is "Very good in
most respects". The mean rating of this item from TABLE 5.18-5 is 4.62 and this was
taken to represent a rating score for the item of 5. The remaining statements In TABLE
5.18-6 were selected similarly. TABLE 5.18-1 was used for comfort ritngs; TABLE
5.18-4 was used for item fit; and TABLE 5.18-5 was used for maneuverable efficiency.
The response frequencies in TABLE 5.18-6 are the numbers of test participants who
selected each statement as most applicable to the two test items during the first and
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second weeks of testing. It can be seen that the experimental hoem was generally
preferred to the standard hem on all four criteria throughout testing, Presentation of
the average ratings in TABLE 5.18-6 facilitates the comparison. For example, the
average rating for the standard body armor during the first week calculated for the 22
participants was (2 x 5 + 19 x 4 + 1 x 3)122 - 4.045 or approximately 4.0

Table 5.18-6. Sample Summary of Rating Response
Frequencies on Four Characteristics of
Body Armor

Response Frequency
Numerical 1st Week 2nd Week

App Characteristic Rating Score Std Exp Std Exp

D 1. Freedom of Extremely good (6) 0 1 0 1
Movement Very good in most respects (5 ) 2 1 3 1 1 7

More than adequate (4) 19 7 17 3
Adeuate (3) 1 1 4 1
Below average (2) 0 0 0 0
Very poor (1) 0 0 0 0
Average rating 4.0 4.6 3.9 4.8

2. Comfort Superior comfort (6) 0 2 0 2
Extremely comfortable 7 14 5 16
Comfort is satisfactory (4) 1 2 5 1 5 2
Not too uncomfortable (3) 1 0 1 2
Below average in comfort (2) 1 0 1 0
Extremely uncomfortable ( 1) 1 1 0 0
Average rating 4.0 4.7 4.1 4.8

3. Fit Fit Is excellent (6) 2 5 3 7
Fit is very good (5) 15 17 17 13
Fit is above average (4) 5 0 2 2
Fit needs improving (3) 0 0 0 0
Fit is below average (2) 0 0 0 0
Ffl is very poor (1) 0 0 0 0
Average rating 4.9 5.2 5.0 5.2

4. Maneuverab;e Extremely good (6) 0 2 0 2
Efficiency Very good in most respects (5) 4 1 1 4 16

More than adequate (4) 15 8 16 4
1 (3) 3 9 2 0

Below average ( 2) 0 0 0 0
Very poor (1) 0 0 0 0
Average rating 4.0 4.6 4.1 4.9

At 5% level of significance experimental vest r•ated better than stwmardvst on ;ll
characteristics for both, weeks. ... ,, .. ,
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Table 5.18-7. Sample Summary of Response Frequencies
from Daily Interviews on Body Armor

Response Frequency
1st 2nd 3rd

Wearing Wearing Wearing
Question Response Std. Exp. Std. Exp. Std. Exp.

(22) (22) (22) (19) (22) (22)

1. Have you been able to Yes 20 17 18 17 19 22
satisfactorily perform No 2 5 4 2 3 0
all your duties?

2. Were your body movements Yes 9 5 3 1 1 2
restricted in any way by the WO 1 3 1 7 1 9 1 8 21 20
vest?

3. Do you feel that the fit Yes 21 22 22 1 9 22 22
of this vest is adequate? NO 1 0 0 0 0 0

4. Have you found that this Yes 1 1 1 0 0 0
vest interferes with the W 21 21 21 1 9 22 22
clothing or equipment
you are wearing?

Data obtained from rating scales, dichotomous responses, and pre-coded answers are not
difficult to quantify since numerical values or pre-coded numbers are assigned ahead of
time. The written responses to open-end or "Why?" type questions require the additional
steps of coding and classification prior to tabulation and analysis.

After the data hrve been quantified, they must be organized into a form which will aid in
the analysis and presentation in the report. The construction of a table is an effective
means of organizing the data obtained from a questionnaire. A table serves several
purposes. It ,nay be used to list the raw data in terms of frequencies of response or
percentages of response to each question; the response frequencies may be further
organized by test group, test phase, date of administration, etc. For example, TABLE
5.18-7 shows response frequencies for YES and NO answers to questions about usability
of standard and experiment31 body armor. The columns are used to separate response
frequencias by test item (standard versus experimental) and by trial number or
wearing of th(! lest items. In TABLE 5.18-8, the data from the first question in TABLE
5.18-7 have :een converted to percentages. The numbers in the column headings of
TABLES 5.18.7 and 5.18-8 give the number of lest participants who completed the
daily interview after each wearing. Therefore, the percent of participants who gave a
particular answer Is the frequency from TABLE 5.18-7 divided by the number of
participants in the column and multiplied by 100. For example, following the first
wearing of the slandard armor, 20 participants of 22 responded YES to e first quostion
In TABLE 5.18-7. The corresponding percent in TABLE 5.18-8 Is (20/22) x 100 -
90.9 percent. Conversion to percentages is especially desirable when the response
frequencies arise from varying numbers of participants. In TABLE 5.18-8, during the
second wearing, It was not possible for all 22 test participants to use the experimental
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body armor. Since this sample of interview data arose from only 19 participants, the
response frequencies In this column of TABLE 5.18-7 cannot be directly compared with
those in other columns. This comparison can be made more readily using the percentage
data In TABLE 5.18-8. Notice that 1 Is not very Informative to table both YES and NO
response percentages for dichotomous questions slr.ce the two percent figures must add to
100.0. The calculation, however, provides a good check on accuracy.

Table 5.18-8. Sample Summary of Response Percent
from Daily Interviews on Body Armor

Response Percent
lit 2nd 3rd

Wearing Wearing Wearing
Question Response Std. Exp. Std. Exp. Std. Exp.

(22) (22) (22) (19) (22) (22)

1. Have you been able to Yes 90.9 77.3 81.8 89.5 86.4 100.0
satisfactorily perform No 9.1 22.7 18.2 10.5 13.6 0.0
all your duties?

A table may sometimes be lengthy, however, the importance of ihe results may justify
including a raw data table as an appendix to the report. A table also may serve to
summarize the findings by the presentation of an organized and concise picture of the
findings which support the conclusions and recommendations.

In the organization of a table, careful ,consideration must be given to the most important
Information contained in the table andi the main points it is intended to bring out. The
table must then be designed so that the main points are the easiest to observe. In this
regard, it must be remembered that people read from left to right across the page and,
therefore, headings of columns rnuslt be more prominent and easier to follow than
headings of rows. If the information contained in the columns and the rows is of equal
Importance, consideration should be ghten to the fact that long lists of data look better in
columns and short lists in rows. In some Instances, results may be effectively
summarized and presented In a graj)h or cha. There are many typ•s of graphic
techniques, ilcluding the bar graph, pictograph, pie diagram, and trend chart, which
may be used instead of a summary table or to summarize the principal findings from
several tables. As an example, the response percent data from TABLE 5.18-8 have been
plotted in the form of a bar graph In FIGURE 5.18-1. The bar graph data suggest that
participant ratings of the experimental test item improved as a function of experience
with it. This was not true for the standard Item which received approximately constant
lratings allowing for statistical variation. Note too that If the percentages were averaged
over wearings, the scores for the the two test Items would be quite similar. The trend for
the experimental body armor to out-perform the standard item later In lest trials is
clarified by the graphic presentation. This apparent trend should be subjected to an
appropriate test of statistical significance, however, before reporting In favor of the
experimental item.
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Have you been able to sattsfactorily perform all your duties?

1)00
100. 90.9 

69.5

9g0 81.6 86.4

Percent 70o

of 70

Test 60
Participants 40
Responding 40

YES 30
20
101

Wearing l1t 2nd 3rd 1st 2nd 3rd

Body Armor Standard Experimental

Figure 5.18-1. Sample Bar Graph of Response Percent
from Daily Interviews on Body Armor

Analysis of data must include a carefhI examina?,ion of the data to provide answers to -
questions such as:

a. Are specific item requirements met or oot met?

b. What are the causes and effects of not meeting requirements?

c. Are there differences between ,andard and experimental items?

d. Are the differences obtained meaningful?

e. How do the findings relate to the conclusions and recommendations?

f. Are there unexpected findings or new facts which warrant fuilher
investigation?
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5.19 TEST PROCEDURE - DEXTERITY

0 5.19.1 Objective The objective of this procedure Is to provide a method of
quantitatively assessing finger de'terity as affected by different types of handwear, cold,
or fatigue. The procedure addresses three different Issues: (1) the effect of
experimental handweaf on dexterity, as compared with standard handware, (2) the
effect of the temperature within an enclosure on manual dexterity, and (3) the degree of
fatigue, measured by the decrement in dexterity, produced by exertion while wearing
experimental clothing and equipment.

5.19.2 Criteria

a Handwear Assessment Dexterity scores obtained from participants wearing
experimental handware shall not be significantly lower than scores obtained
for standard handwear.

b. Tmnerature Aseassment Dexterity scores obtained after working bare-
handed for two hours within an enclosure shall not differ significantly from
scores obtained from the same participants in a warm enclosure.

c. Clothina/Eauinment Assessment Decrements in hand dexterity obtained
after completing the CRTC Handwear Testing Course, as compared to scores
obtained before completing the course, while wearing experimental clothing
or equipment shall not be significantly greater than decrements obtained
wearing standard clothing or equipment.

5.19.3 Facilities and Instrumentation

"5.19.3.1 Facilities For the clothing/equipment assessment, the CRTC Handwear Testing
Course should be used. No facilities are required for the other two tests.

5.19.3.2 Instrunientation The test recommended for the measurement of dexterity is
the O'Connor Finger Dexterity Test. This test consists of a plate in which there are 100
holes 3/16 inch in diameter arranged in rows 1/2 Inch apart. Into each of these holes
the test subject inserts three steel pins one inch long and 1/16 Inch In diameter. The
test score is computed as follows: the number of seconds required to fill the second half
of the board is multiplied by 1.1, and the time In seconds required to complete the first
half is added to this figure. The test score is equal to one-half of the sum. For examp!e,
if a subject filled the first half of the board In 252 seconds, and the second half in 238
seconds, his/her score is 238 x 1.1 - 261,8 + 252 - 513.8 x .5 - 257.

Other dexterity tests which may be used include the Minnesota Manual Dexterity Test and
the Grooved Pegboard Test . If more than one dexterity test Is available, use only one
throughout the testing of a given item or during a test project. Scores from the different
tests are not directly comparable.

5.19.4 Method

5.19.4.1 ,enpral Guidelines

a. Handwear Assessmant This test is more concerned with manual dexterity
Itself as affected by different types of handwear than with temperature
(effects. Therefore, the test need not be conducted in the cold as long as the test
participant's hands do not become too warm, to the point of discomfort.
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b. Temperature Assessment In this test the concern is with effects of tem-
perature on barehanded dexterity within an enclosure such as a vehicle cab.
The test participants should be required to perform normal activities with
the system or item (driving, equipment checkout, surveillance, communica-
tions, etc.) for a period of two hours with their hands uncovered for that
time. Enclosure heaters should be operational and running, At the beginning
and end of the two-hour period, dexterity measurements are made.

c. Clothinn/Eguipmen? Assessment The change in dexterity scores obtained
before and afler an activity can serve as an indication of the workload, and
resultant fatigue, associated wvith the activity. In the assessment of
experimental cold weather clothing and equipment, the effects of these Items
on wearer workload should be established.

5.19.4.2 Ts a

a. Handwear Assessment A group of test participants of the same sex should be
selected with one third of the group having hand dimensions (length and
width) in the 5th to 35th percentile range, one third in the 35th to 65th
percentile range, and one third in the 65th to 95th percentile range. The
group will be split into as many equal size subgroups as there are handwear
configurations to be evaluated. No group should have fewer than 15
participants (5 for each hand size category). Handwear sized as *small"
should be distributed to personnel in the appropriate handwear configuration
subgroup having hand dimensions In the small range. Likewise, handwear
sized as "medium' and 'large" should be distributed. If more than one
handwear item is being tested, then the sizing process should be repeated for
each item.

"lest conditions as described in sections 3.11.4 and 3.11.5 of Part I should
comprise one control condition where the dexterity test is performed without
handwear plus one condition for each handwear item. Each test participant
should be tested on each handwear item and without handwear. Testing should
be conducted using an order of preentation as described in section 3.11.5.
Participants in one group should be tested simultaneously to the extent that
sufficient numbers of dexterity test materials and handwear size ranges are
available. Otherwise, testing should .e conducted successively. When testing
is simultaneous, participants should be prevented from seeing the test boards
of other participants. Where testing is successive, those waiting should not be
able to watch personnel conducting the test.

b. Temnerature Assessment A group of not less than 10 test participants
should be used for the test. Each participant should be qualified to operate the
equipment if the equipment or system is to be operated during the test. If the
Item under test is the enclosure itself, such as a erat, command post or
building where operations vary according to the use of the enclosure,
participants can be given any task, even reading, as long as their hands
remain uncovered for a two-hour period. The participant will enter the
enclosure, start up the heater, and perform assigned activities during a two-
hour period. Dexterity scores will be obtained In a warm enclosure prior to
the exposure to the test enclosure, and again after the two hours of
harehanded activity in the test enclosure.
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c, Clothin6/Egulnment ,Assessment A group of not less than 10 participants is
required for each clothing/equlpment condition. Each participant will
complete the CRTC Handwear Testing Course at oast once in each
clothing/equipment condition.

5.19.4.3 I•ucl, .iC

a apndwear Assessment In this test, participants will perform the hand
dexterity test wearing experimental handware, standard handwear, and no
handware. Each participant will perform the lest as many times as there are
control and experimental conditions and the dexterity score for the
participants will be the mean under each condition.

b. Temperature Assessment Each participant will complete one dexterity test
in a controlled warm environment with ambient temperature of 750 to 80°F
(24, to 270 C). The participant then will occupy the test enclosure
conducting activities requiring use of the bare hands. After two hours in the
test enclosure, a dexterity test will be completed while still in the enclosure.

c. Clothino/Eauipment A~sessment All test participants will complete the
dexterity test in a controlled environment with the ambient temperature
between 700 and 80°F (210 to 27°C). The participants will then don
experimental or test clothing or equipment and complete the CRTC Handwear
Testing Course. Immediately on completing the course, participants will
complete a second dexterity test in the controlled environment.

5.19.5 Data Required

a Hand ear AssemUeni Dexterity scores with each handwear configuration
identified by size of handwear (large, medium or small).

b. Temneralure Assessment Dexterity scores at the beginning and end of a
two-hour period in the test enclosure.

c. CQothing/Eguinment Assesment Differences in dexterity scores prior to
and after completing the CRTC Handwear Testing Course for each
clothing/equipment configuration and ambient temperatures.

5.19.6 Data Reduction and Presentation

a. Ae The average dextarity scores for each handwear
configuration subgroup will be determined as well as standard deviations
about these means. The mean dexierity scores for each handwear condition and
the control condition will then be compared by means of t tests. The results
of these comparisons will be presented in tabular form.

b. Temperglure AssessMenJ, t tests will be used to determine whether the
differences between mean dexterity scores obtained before and alttr the two-
hour period in the enclosure are significant. The r,3sults will be "trented in
tabular form.

c. Clothina/Eauioment Assessment A dexterity decrement will be computed
for each participant as the difference in dexterity scores before and after
completion of the CRTC Handwear Testing Cowse. The average decrement will
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be computed for each ciothing./equipment condition, and I tests will be used to
compare the differences in group means. These data will be presented in
tabular form.
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5.20 TEST PROCEDURE
* COLD REGIONS CLOTHING AND EQUIPMENT

5.20.1 Objective This procedure is intended to provide guidance on methods and
measures to be used in assessing clothing and personal equipment worn In the cold
environment.

5.20.2 Criteria Criteria will be established by the development agency in the
following general areas:

a Mobility Range of motion available when critical to job performance.

b. E Duration Item is to be worn without producing significant
fatigue.

c. Performance Levels of performance capability of personnel wearing items
of clothing or personal equipment.

d. Comfort Prevalence of favorable comments concerning comfort and fit.

e. Claac Minimum acceptable effect of the item on clearance of body or
limb.

f. Fr.garjo Time to prepare, configure, don and doff.

g. Corgatibil.dy Capability to effectively wear and use other equipment while
wearing cold region clothing/equipment.

Criteria will also include restriction on range of movement of head and limbs as
described in Figure 2-14 and Table 2-11 of MIL.HDBK-759A(MI). Depending on the
nature of the test item, certain test procedures described in section 5 of Part I may be
appropriate. These are identified throughout section 5.20 and the criteria for these tests
wi!l be as defined for the test procedure in the appropriate paragraphs of section 5.
Additional criteria and test methods are contained in TOPs which are listed in Appendix F
of Part I. Apendix D of Part I lists expected effects of cold on task performance.

5.20.3 Facilities and Instrumentation

5.20.3.1 EagiLU Some of the tests described herein will require use of the CRTC
Combat Effectiveness Course.

5.20.3.2 Lnsrumi, nlA=ion Instrumentation required for individual tests will be as
described in the appropriate paragraphs of test procedures in section 5.

5.20.4 Method

This procedure addresses four types of clo:hing or equipment: (1) 1hat worn on the
body, (2) that worn on the head, (3) that worn on the hand, and (4) that worn on the
foot. It must be emphasized that this procedure addresses the huriari facto'i engineering
aspects of clothing/equipment tests. Such tests are primarily concerned with the effec:ts
of the test Items on human performance and comfort. Ouestiors of wo&r, permeability,
and effectiveness in protecting body members from the cold may be assessed using
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questionnaire and Interview ltems which address item comfort as described in section
5.18 of Part I.

5.20.4.1 Generul Guidelines The test measures to be employed for each of these areas
of concern for each of the types of clothing and equipment to be tested ate as follows:

5.20.4.1.1 &.i;we ar

a. hdMbility Measure effects of clothing on reach capability when critical to
job performance.

b. Endgrance Measure fatiguing effects of wearing the clothing or equipment.

c. erformance Measure the effects of the clothing/equipment on the wearer's
capability of performing representative combat activities.

dL L.Qm Obtain opinions of wearers data concerning, at a minimum,
comfort, warmth, and fit.

e. Cliacaoca Observe operations performed by personnel wearing test items,
and measure body dimensions with the items worn.

f. EpaLa.lln Measure time to setup, configure, don and doff under daylight,
night time, blackout, and whiteout conditions.

g. Qagmj.abj.I.•L Observe persunnel, while wearing the test Items, perform

typical tasks with other clothing and equipment.

5.20.4.1.2 Hgadwear

SM.obili Measure limits of head rotation as it affects visual access to
components while wearing the item.

b. Enduranc Obtain opinions of wearers concerning fatigue effects of wearing
the item.

c. Pg n. Measure visual field of view and/or aural acuity with item in
place.

d Comfoct Obtain opinions of wearers concerning, at a minimum, the item
weight, comfort, warmth, and fit.

e. Ciaaanc Observe normal operations wearing the item and measure impact
on head clearance limits.

f. Prarfalion Measure time to unstow, setup, configure, don and doff under
daylight, night time, blackout, and whiteout conditions.

q. n.m•,LibiYi. Observe personnel, while wearing the test Items, perform
typical tasks with other equipment such as helmets, optical systems, etc.
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5.20.4.1.3 H jj

a. M•biLft. Measure limits of wrist rotation capability.

b. Eadu== Obtain opinions of wearers concerning fatigue induced from
wearing the Item.

c. PerforMancl Measure manual dexterity wearing the fern.

d. Comfort Obtain opinions of wearers concerning, at a minimum, the item

comfort, fit, warmth, and waterproofing.

S. Claarjag Measure effect of the Item on hand access limits.

f. L=.•.. Measure time to configure, prepare, don and doff under
daylight, night time, blackout, and whiteout conditions.

g. Com~atiIX Observe personnel, while wearing the test items, perform
typical tasks with other equipment such as weapons, tools, etc.

5.20.4.1.4 Fgot.yyp.,a

a. f jj4 Measure limits of foot rotation capability.

b. E Obtain opinions of wearers concerning fatigue Induced from
wearing the item.

c. erfgrManga Observe performance of the wearer while performing
activities intended while wearing the item (climbing up/down, running,
skiing, walking, etc.).

d. ,oMfor Obtain opinions of wearers concerning, at a minimum, the comfort

and fit of the item.

e. Clgarnce Observe the Item use under conditions of limited clearance.

f. E Measure time to unstow, configure, don and doff under
daylight, night time, blackout, and whiteout conditions.

g. C6m3g2aijijt. Observe personnel, while wearing the test Items, perform
typical tasks with other equipment such as foot pedals, stairs, etc.

5.20.4.2 Test Setug and Conduct The test methods associated with each of the measures
Identified above are as follows:

5.20.4.2.1 ywax

a. g~bJiliy. Refer to the tesl procedure on Workspace and Anthropometrics in
section 5.6.

b. E Refer to the test procedure on Dexterity In Poction 5.19.

1
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c. Parigrtance Each of a group of not less than 10 participants will complete
the CRTC Combat Effectiveness Course. Mean times to complete the course
measured for experimental clothing/equipment conditions will not differ
from times obtained for standard conditions, using a a1" lest of significance.

dc Comfort Use Interviews and/or questionnaires addressing comforw and fit as
described in section 5.18.

e. Clgarance Conduct task sequences following task checklists developed for
assessments of items to be used while wearing the clothing/equipment
(vehicle entry, etc.). See the Task Checklists procedure In section 5.17.

f. Rraparation. Identify tasks involved In preparing and donning/doffing the
hem as described in section 2.4 of HEDGE and select personnel representa-
tive of Item users who fall at xproximately the 5th and 95th percentiles on
critical body dimensions (See section 5.6.). Measure time required for
personnel to perform specific tasks.

g. Co.gat'bility Personnel will be observed performing typical tasks with
typical equipment while wearing the test item. Incidents of noncompatibility
will be noted and described in detail. Test participants will be interviewed as
described in section 5.18 to elicit their comments and observations.

5.20.4.2.2 ,ea.dw.ea

a. Mgb'lt. Measure angles of head rotation about three axes.

b. Eadurange Conduct Interviews or administer questionnaires to elicit
wearer opinions, attitudes, and comments concerning fatigue as described in
section 5.18).

c. P Measure the field of view with item In place as described in
the Visibility test procedure in section 5.4. Measure auditory acuity using
speech intelligibility measurement methods described in section 5.5 with the
item in plfice.

d, Comfor Use Interviews and/or questionnaires as described in section 5.18
addressing comfort, fit and warmth of the item.

e. C Observe operations while wearing the item and measure head
dimensions with the item in place using head dimensions described in Table
2-9 In MIL-HDBK-759A(MI).

f. PrDparaflon Identify tasks involved in preparing and donning/doffing the
item using the Sample Task Checklists in Appendix A of HEDGE, and measure
time to perform specific tasks.

g. Co0m2atbii Personnel will be observed performing typical tasks with
typical equipment while wearing the lest item. Incidents of noncompatibility
will be noted and described in detail. Test participants will be~Thterviewed as
described in section 5.18 to elicit their comments and observations.
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5.20.4.2.3 8andwea

a. Moility Measure angles of wrist rotation about two axes.

b. Eania Conduct interviews or administer questionnaires as described In
section 5.1t to elicit wearer attitudes concerning fatigue while wearing the
Item.

c. Peg.Irmancg Refer to the test procedure on Dexterity in section 5.19.

d. ,Cofrtn Conduct interviews or administer questionnaires as described in
section 5.118 to elicit attitudes and opinions concerning comfort, fit,
waterproofinp, and warmth.

e. Clarance Ik easure hand dimensions with the item In place using dimen-
sions descrired in Table 2-9 in MiL-HDBK-759A(MI).

f. P Identify tasks involved in preparing the item and
donning/doffing, using the tasks listed in the appropriate Sample Task
Checklists from Appendix A of HEDGE. Measure time to perform specific
tasks.

g. Qg aili1X Personnel will be observed performing typical tasks with
typical equipment while wearing the test item. Incidents of noncompatibility
will be noted and described in detail. Test participants will be interviewed as
described in section 5.18 to elicit their comments and observations.

5.20.4.2.4 Footwear

a MobJiliy Measure ankle rotation about two axes.

b. E Conduct interviews or administer questionnaires as described in
section 5.18 directed at comments on fatigue.

c. ,P£r1graa Observe wearers performing selected operations (climbing
up a tank, running in deep snow, etc.) and identify problem areas.

d. Comfort Conduct interviews or adminisr questionnaires as described in
section 5.18 directed at comments on comfort, fit, waterproofing, and
warmth.

e. Clearaoca Measure foot size with item in place.

f. Pr aration Identify tasks involved in preparing the Item and In
donning/doffing using the appropriate Sample Task Checklists from Appendix
A In HEDGE. Measure time to complete these tasks.

g. CoMpaibiiI, . Personnel will be observed performing typical tasks with
typical equipment while wearing the test item. Incidents of nonoompatibility
will be noted ard described in detail. Test participants will be tstrviewed as
described in section 5.18 to elicit their comments and observations.
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5.20 5 Data Required

5.20.5.1 B 4
a. Mbbilit Reach measurementr., compared with criteria.

b. Endurance Dexterity scores before and after completing the CRTC Combat
Effectiveness Course with the item in place. Compare mean degradation In
dexterity with the test item versus standard clothing or equipment.

c. Ea Time to complete the CRTC Combat Effectiveness Course.
Compare mean time to complete with the item in place versus a standard item
of clothing/equipment.

d. Comfort Wearer ratings.

e. Clearance Identification of problems.

f. LP..arat.Ion Time to complete compared with criterion time.

g. Cog j Identification of problems.

5.20.5.2 Hedwear

a.Q. .it Neck flexion and rotation limit data compared with normal limits
contained in Figure 2-14 and Table 2-11 in MIL-HDBK-759A(MI)

b. E Wearer ratings.

c. E Field of view measurements compared with criterion field of
view, speech intelligibility scores compared with criterion levels.

dC. C Wearer ratings or comments.

e. C Identification of problems.

f. Er,•araIlo Measured time compared with required times.

g. Qompaiibililx Identification of problems.

5.20.5.3 Handwear

& b.go*jj Wrist rutation angles wearing the item compared with normal
limits identified in Figure 2-14 and Table 2-11 in MIL-HDBK-759A(MI).

b. Eadi~a . Wearer ratings.

c. E.r~aom Dexterity scores with test item as compared with standard
handwear.

dc C.gomfort Wearer ratings.

e. QjLanr Hand dimensions compared with nude dimensions.
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f. ,E~agiiujaa Measured times compared with required times.

g. CompaiilJiI. Identification of problems.

5.20.5.4 LgIoe.a.r

a. Mjbjj.t Ankle rotation angles compared with normal limits ýdtntifid in
Figure 2-14 and Table 2.11 in MIL.HDBK.759A(MI).

b. Enance Wearer ratings arid comments.

c. P Identification of problems.

d Comfort Wearer ratings 2nd comments.

e. Q Identification of problems.

f. Ereparation Measured times compared with required times.

g. Qgnp.jijlijy Identification of problems.

5.20.6 Data Reduction and Presentation

5.20.6.1 ,Qo ,l.,. ,Da Results of mobility assessments in the form of reach envelopes
and head, wrist, and ankle angles of rotation, as appropriate, should be presented
pictorially.

5.20.6.2 Endurance Data Performance deg, ýdation data due to fatigue should be
presenied in graphic form comparing alternate clothin;/equipment configurations.
Wearer opinion response frequency data should be presented in tabular form or
graphically in the form of bar graphs as described in section 5.13.

5.20.6.3 Performance Data Performance data should be preented in graphic and
tabular form,

5.20.6.4 Q.QItLData Frequencies of wearer comments or ratings should be
presented in tabular or bar graph form as described in section 5.18 for differpnt
configurations.

5.20.6.5 QJu.Jancg Hand, foot, head and body clearance data with the test Item in place
should be presenled pictorially with tables for summaries.

5.20.5.6 iL paration Mean time to prepare, don and doff should be presented in
tabular form.

5.20.5.7 Corgatibilit Compatibility data should be presented in narrative and
pictorial form, If appropriate. -
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APPENDIX A

DATA COLLECTION FORMS

This appendix presents a series of blank data collection forms which are used in various
aspects of planning an HFE subtest. These forms may be copied and used wherever called
for by this TOP.

_Data ColleCtion Form

HFE TEST PLANNING CHECKLIST .......................................................................... A -2

PRELIMINARY HFE ANALYSIS FORM ..................................................................... A-5

TAS K C H EC KLIST FO RM ............................................................................................. A -6

DESIG N CHECKLIST FO RM ...................................................................................... A -8

PANEL COMMONALITY ANALYSIS FORM ................................................................. A-1 0

0WORKLOAD ASSESSMENT FORM ........................................................................... A- 1

CONTROL ERROR LIKELIHOOD WORKSHEET ......................................................... A- 12

DISPLAY ERROR LIKELIHOOD WORKSHEET ........................................................... A- 13

ERRO R REPO RT FO RM ............................................................................................ A -14

PERSO NNEL DATA FORM ........................................................................................ A -15

NET ANALYSIS QUESTIONNAIRE ............................................................................. A -16

TRAINING DEBRIEFING QUESTIONNAIRE ............................................................... A-1 8

VISIBILITY CONTOUR M AP FORM ............................................................................. A -20
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HFE TEST PLANNING CHECKLIST

Test Title j

I Test Project No Date

Step Description Outputs YES NO N/A

1 Classify Test Item (1)* • Item classified
* Other relevant item classes

identified
2 Determine Applicable • Operability

Test Functions (1) • Maintainability
_ Trarnsportability
• Portability/Usability
* Erecability
- Habitability

3 Identify Use Conditions * Applicable use
(2,4,5 ) environments identified

• Applicable tactical/operating
use conditions identified

* Applicable operator/maintainer
clothing conditions identified

0 Applicable operator/maintainer
body size/dimensions identified

0 Participant MOS/skill level
identified

• Test environmental conditions
selected

0 Test tactical/operating
conditions selected

a Test operator clothing
conditions selected

0 Test participant body size
dimensions selected

Code numbers indicate regulatory or guidance documents-
I -, HEDGE (Part 11 of TECOM TOP 1-2-610)
2 - Test Item lAP, IEP, or TDP
3 - AR 602-1
4 - Test Item Requirements Documents
5 - Test Item Technical Manuals

Page 1 of 3
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HFE TEST PLANNING CHECKLIST

Step Description Outputs YES NO N/A

4 Identify/Arialyzs Operator/ - Task sequences determined
Maintainer Tasks * Critical tasks identified
(1,2,3,4,5) * Task requirements identified -

• Operational sequence
diagrams completed

• Task analysis completed
0 Task checklists completed to

include critical tasks in proper
sequence

5 Conduct Preliminary HFE 0 Potential HFE problems
Analysis (1,2,4,5) identified

• HFE tests selected
* HFE data requirements

identified
" Test conditions selected
• Test facility/instrumentation/

capability limits identified
6 Identify Design Test * Design lest criteria selected

Criteria (1,2,4) 0 Performance tests selected
• Environmental test criteria

selected
7 Select Test Procedcures • Lighting

(2,3) * Noise Measurement
• Temperature, Humidity, Vent.
• Visibility

• Speech Intelfigibility
a Workspace a Anthropomeirics
• ForcefTorqu3
0 Design Checklists prepared
• Panel Commonality Analysis
• HFE Maintainability
• Indivicual Performance test
. Error Likelihood Analysis
• Crew Perlormance test
• Information System test
• NET Training Assessment
0 Workload Analysis - -

• Task Chaklists prepared
* Questionnaire/Iriterview
* Dexterity iest
- Cold Regions tests identified

8 Develop Questionnaires . Questions & contents identified -

and Interviews (3ý * Questionnaire/Interview forms 1-IE prepared -

Page 2 of 3

A-3



15 May 1990 TOP 1-2-610

HFE TEST PLANNING CHECKLIST

Stop Coscription Outputs YES NO .14/A

9 Identify Tesl Participants * Number and types of
(2,5) participants selected

0 Number by body
dimension/size selected

* Number by gender selected
0 Summary activity

screening established
• Minimum skills, MOS,

grade identified
1 0 Identify Test Facility & • Test facility requirements

Instrumentation identified
Requirements (1,2) * Test support

requiremenis identified
0 Test instrumentation

rquirements identified
• Te.t materials

requirements identified
• Test data collection

requirements identified
1 1 Identify Test Controls • Test participant controls

identified
• Test procedures controls

* identified
0 Competitive item controls

identified
0 Participant assignment controls

identified
* Ordee of presentation controls

identified
1 2 Develop Test Plan • Test plan completed

* Obiectives
0 Criteria
• Dala Reauired
• Data Acquisition Procedure
- Technical Assessment
- Test Plan reviewed/revised

Page 3 of 3
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PRELIMINARY HFE ANALYSIS

Test Item Test Title L
St ItIon Test Project No. DCaL l

Evaluator

Factors to be Analyzed In the HFE Subtest
Selected Tasks

from Envwronmontal Equipment Test Participant Performance
Task Antlyais Conditions Characterstics Characteristics Measures
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TASK CHECKLIST

Test Fun~ction - Checklist

Item Class - Subcldst

Function

Subfunction

AbbrevIrptlon

Test Project No. Date

Soldi'r/Item Tasks YES NO N/A Comment

0 YES = Adequate NO Inadequate N/A = Not Applicable

A-6
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TASK CHECKLIST

Tst Function Checklist

Item Class - SubclassI

Function

Subfunetfon

Abbreviation

Soldier/Item Tasks YES NO N/A Comment

YES = Adequate NO Inadequaie N/A = Not Applicable
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DESIGN CHECKLIST

OComponents

HF Considerations

,Abbreviation

[Test Title
Test Project No. Date

Detailed Design Considerations YES NO M/A Comment

0

- -j

YES = Adequate NO = Inadequate N/A = Not Applicable
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"DES!GN CHECKLIST

Components

HF Considerations

Abbreviation

Detailed Design Considerations YES NO N/A Comment

0i

YES = Adequate NO = Inadequate N/A = Not Applicable
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ERROR REPORT

'Task from Test Title
Tosk Analysis Test Project No. Date

Error Report No. Evaluator

I . Description of Error

Describe exactly what tho person did or failed to do that resulted in the error.
Describe exactly the equipment, components, or tools involved,
Explain what was supposed to be done or the task required,

2. Factors Contributing to the Error
Describe lack of information, design problem, time pressure, weather, hazards, etc.

3. Consequences of the Error
Describe effects on personnel safety, mission success, equipment damage, etc.

S4. Criticality of the Error

Degraded Performanc Derator Recovery Qther ldescribet

El to personnel Ej of system ] not detectable

0Jto equipment 0 of subsystem not reversible

E-of component

5. Corrective Action Taken

EI
6. Error Likelihood

The chance of this error occurring in a real operational or combat situation is:- - - - ---
D less likely about the same Li more ,;lyj

Why (explain)

7. Suggestions for Eliminating or Reducing Error Likelihood
Consider changes in procedures, training, environment, warning labols, hardware, etc.

A-14
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PERSONNEL DATA

0 Test Toeo, Title
Location Test Project N. uDatel11111]

A. To be Completed by Test Participant

1. Name [j ____ 2. Grade [7 ] 3. Date [~
4. Sex 5. lOS 6. I D No.

7. Crew Position (in the test) r__

8. Months of Experience (in tested crew position)

9. Height i 10. Weight [IZI 11. Date of Birth [

12. Place of Birth

13. Length of Service years months 14. Han&&nss

15. Civilian Education [-j years Majo( Area (if applicable) I

B.To be Completed for each Test Particlpannt by Test Supervisory Personnel

16. Physical Profile P U L HI UE Si

17. Aptitude Scores a. CO b. F A c. EL L -

d. OF e. GM f. MM g. C L -

h. ST [ i. GT L. j.s - -'C k. E I

I. GI r-- m. C I n.A D o. SK EK I
p. T I q. A I r. A P s. P A

t. MK u. WK E v.A EZA w. M C[

18. Latest SOT Test Score r ]

19. End-of-Training Test Score ___

20. Minimum Performance required -J attained [
21. IUst of Military Schools and Courses Completed

L 5
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First Ml Last Day Me Yr

Evaluated by (Narne)f - DateJ

Rank/Grades MOS/Job Title [iiIiJ ExperienceF =
Related Trainin Yrs Mos

Related Experience

LYZZF]
Test Title

E
Course (Circle): Operator Organizational DS/GS Other

Instructions: Circle a number between the adjectives which best represents your
opinion of the Inctructlon you hove received during this evaluation period.

A. Instructors

1. Used jargon or confusing terms Never 1 2 3 4 5 6 7 8 9 Always

2. Speaking ability (enunciation, Poor 1 2 3 4 5 6 7 8 9 Excellent
volume, etc.)

3. Subject knowledge Poor 1 2 3 4 5 6 7 8 9 Excellent

4. Treatment of Students Discourteous 1 2 3 4 5 6 7 8 9 Courteous

5. Aware of student understanding Never 1 2 3 4 5 6 7 8 9 Always
of subject material

6. Preparation of instruction Poor 1 2 3 4 5 6 7 8 9 Excellent

7. Response to student questions Poor 1 2 3 4 5 6 7 8 9 Excellent

8. Overall rating Unsatisfactory 1 2 3 4 5 6 7 8 9 Outstanding

B. Instruction

1. Basic concepts were maoe clear Never 1 2 3 4 5 6 7 8 9 Always
at beginning of block of instruction

2. Basic concepts were developed logically Never 1 2 3 4 5 6 7 8 9 Always

3. Presentation of material was Boring 1 2 3 4 5 6 7 8 9 interesting

4. Classrom discussions were Waste of time 1 2 3 4 5 6 7 8 9 Valuable

5. Material was presented Too slowly 1 2 3 4 5 6 7 8 9 Too rapidly

6. Coverage of material was Too superficial 1 2 3 4 5 6 7 8 9 Too technical

7. Training aids were Poor 1 2 3 4 5 6 7 8 9 Excellent

8. Training aids were used Too seldom 1 2 3 4 5 6 7 8 9 Too often

9. Lectures/conferences led into PEs Never 1 2 3 4 5 6 7 8 9 Always

A-16 Page 1 of 2
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NET ANALYSIS QUESTIONNAIRE

C. Practical Exercises (PE)

-. Time scheduled for PEs was Inadequate 1 2 3 4 5 6 7 8 9 Adequate

2. PEs were conducted or actual hardware Never 1 2 3 4 5 6 7 8 9 Always

3. All students participated in PEs Never 1 2 3 4 5 6 7 8 9 Always

4. PEs were conducted as schedu:ed Never 1 2 3 4 5 6 7 8 9 Always

5. What percentage of the instruction 10 20 30 40 50 60 70 80 90
time was "hands on' for you?

D. Lesson Assignments and References

Assignments were necossary Never 1 2 3 4 5 6 7 8 9 Always
1.

Assignments were Too simple 1 2 3 4 5 6 7 8 9 Too difficult
2.

Manuals and reference Too elementary 1 2 3 4 5 6 7 8 9 Too difficult
3. materials were

4. Manuals and reference materials Never 1 2 3 4 5 6 7 8 9 Always
were designed for easy use

E. Examinations

1. Material covered in exams was Never 1 2 3 4 5 6 7 8 9 Always
presented during instruction/PE

2. Exams were Too short 1 2 3 4 5 6 7 8 9 Toolong

3. Exams were Too simple 1 2 3 4 5 6 7 8 9 Too d'ficult

4. Performance-type exams wera Never 1 2 3 4 5 6 7 8 9 Always
given

5. Exams tested knowledge of Nut at all 1 2 3 4 5 6 7 8 9 Completely
material presented during
instruction/PE

F. Comments

Please make any narrative comments you deslre. Suggested areas for comment are
superior or unsatisfactory Instruction, estimates of value af the Instr.ictlon to
your job, or recommended additions and deletions to the course content.

Page 2 st 2
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TRAINiNG/DEBRiEFING QUESTIONNAIRE

Name [II7 Teat Title

Grade/Rank Test Project NoElm. Date

1. List your military occupational specialty (MOS).

2. How long have you had this MOS?

Years Months

3. In the space below, list the school training you have had in this MOS.

4. Which test item component did you use?F I

5. Did you encounter any problems during the test which Yes
you attribute to insufficient training? If yes, explain.

6. Did you understand all phases of your training? Yes t- El
If no, explain.

Poge 1 of 2
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TRAINING/DEBRIEFING QUESTIONNAIRE

7. Do you think it takes any special skills to operate
the equipment you used? If yes, state special skills. Y N [i

8. Would you like any additional trianing on the test item Yes
before you are assigned to operate it in a tactical unit?
If yes, specify additional training.

*
9. State in your own words how your training could be improved.

Page 2 of 2
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APPENDIX B

SAMPLE QUESTIONNAIRES AND INTERVIEWS

This appendix presents f questionnnaire and interview questions and formats.
Because these are highly specific to certain test items and lost item characteristics, they
cannot be used directly. They are presented only as a guide to typical questions,
structure, and format.

Ouestlonnalre/Intervlew

0 SAMPLE INTERVAL SCALES ........................................... B- 2

SAMPLE SELF-ADMINISTERED QUESTIONNAIRE .......................................................... B- 4

SAM PLE INTER VIEW G U IDE ........................................................................................... B - 6
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SAMPLE INTERVAL SCALES

Name. Gro,.-, , J Dateo.,

MOS Time In MOS L 1111 _

1. How do you rate the adequacy of the test item?
(Circle one.)

SExtremely Very Good in Moderately Barely Very Extremely
Good Most Rsspects God Adequate Poor Poor

; 5 4 32 1

Comments

2. How do you rate the comfort associated with using the test ilem?
(Circle one.)

Excellent Comforn Is About Average Slightly Very So Uncomfortable
Comfort Very In Comforl Uncomfortable Uncomfortable It Can Barely

Satisfactory Be Worn

5 4 3 2 1

Comments

3. How do you rate the ease of operating the test item?
(Circle one.)

Extremely Very Easy Difficult Very Extremely
Easy Easy Difficult Difficult

6 5 4 3 2 1

CommentsI
Poge 1 of 2
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SAMPLE INTERVAL SCALES

4. How do you rate the overall acceptability of the test item? (Circle one.)

Completely Reasonably Borderline Moderately Extremely
Acceptable Acceptable Unacoeptable Unacceptable

5 4 3 2 1

Comments

0!

Page 2 of 2
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SAMPLE SELF-ADMINISTERED QUESTIONNAIRE

Lightweight Company Mortar System (LWCMS)

Nemel Grade/Rank r iiiI Date
MOS I Tim. In MO, jj0

The purpose of this questionnaire is to obtain your opinions of the Lightweight Companyl
Mortar System (LWCMS). Since you have participated in the firing of the LWCMS, your
opinions and comments are extremely important. Please answer all of the followingi
questions as honestly and accurately as you can. Each question provides space for you to givel
any_ additional comments or information which you feel may be helpful. ,

1. In your opinion, is the LWCMS a safe weapon system to handle and fire?
(Check one.)

SYes

Comments 11
2. Did you ever have malfunctions which caused a mission delay with the LWCMS?

(Check one.)

ED Yes

Comments

1
3. Compared to the 81mm Mortar, how easy or difficult was it to emplace the LWCMS?

(Check one.)

E Much easiar

[-J Slightly easier
EJ About the same
EJ Slightly more difficult
E Much more difficult
Comments

Page 1 of 2
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SAMPLE SELF-ADMINISTERED QUESTIONNAIRE

Lightweight Company Mortar System (LWCMS)

4. Did you detect any residuai flour remaining after the round was fired with the LWCMS?
(Check one.)

I"1Yes

Comments ___

5. Compared to the 81mm Morlar, how easy or difficult was it to load the round into the tube of the

LWCMS? (Check one.)

E- Much easier

E- Slightly easier

E About the same

"-']Slightly more difficult

EJD Much more difficult

Commentsi

Page 2 of 2
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SAMPLE INTERVIEW GUIDE

Test of Composite Body Armor

Home tiii ~Grade/Rlank E ZI Date117
11110 Time In MO$

Test Phase (Circle one.) I Ii III IV

Instruct I o ons

Interview each test participant separately and apart from all others. Have a sample of each
type of body armor within view of the participant. Provide a copy of the interview guide to
the participant so he/she can follow the questions and see the choice of responses during the
interview.

1. Which type of body armor did you wear during the past 3-day wear phase?
(Check one.)

r-] Type S

SType E

2. What types of test activities did you participate in during this wear phase?
(Check one.)

Simulated assault

EJ] Road march

I--]Cross-country march

E- Night patrol

ElWeapons firing

3. a Did you experience any difficulty in performing any of the test activities while wearing this
type of body armor? (Check one.)

b. If Yes, then ask "What seemed to be the trouble?". (Describe in detail.)

Page 1 of 3
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SAMPLE INTERVIEW GUIDE

Test of Composite Body Armor

4. a How would you rate this type of body armor with regard to comfort?

(Check one.)

U Excellent comfort

El Comfort Is very satisfactory

Eli About average in comfort

J.J Slightly uncomfortable

E1 Very uncomfortable at times

U]I So uncomfortable it can barly be worn

b. If any "uncomfortable" category is selected, then ask "What do you feel caused it to be
uncomfortable?". (Describe in dotail.)

5. a. How would you rate the fit of this type of body armor?
(Check one.)

U] Fits extremely well

"J Fit is quite satisfactory
E'' Fit is about average

"lI Fit needs improving

Fit is not very satisfactory

E Fit is very poor

b. If fit Ls considered to be less than "about average", then ask "What seemed to be the problem
with the fit of the armor?*. (Describe in detail.)

0
Page 2 of 3
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SAMPLE INTERVIEW GUIDE

Test of Composite Body Armor

6. a. How would you rale the degree of freedom of movement afforded by thiS type of body armor?
(Check one.)

["] Exceilent

[- Very good

E Adcluate

Not quite adequate

[] Poor

E- Extremely poor

b. If freedom of movement is considered to be less than "Adequate", then ask "What seemed to be
the problem?". (Describe in detail.)

NOTE: Ask the following questions only after Phases II and IV.

7. a Now that you have experienced wear of both the Type S and Type E body armor, which type
would you prefer to wear in a combat situation?
(Check one.)

E-i Type S

SType E

E'" Either type

b. If Type S or Type E is selected then ask "Why would you prefer this type?".
(Describe in detail.)

Page 3 of 3
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APPENDIX C-1

PHONETICALLY BALANCED WORD LISTS

In this appendix are presented 20 phonetically balanced word lists, each consisting of 50
common English monosyllables arranged in alphabetical order. In the event that the same
lists have to be presen.ed to the same listeners more than once, the words should be
arranged in a differen! random order for each presentation. If the PB word lists are
used, all 20 word lists must be used to avoid erroneous results. The words are presented
at a standardized rate of one word every four seconds.

Score each recorded word on its phonetic agreement with the corresponding word on the
talker's list. The percentage of words heard correctly is called the "percent word
articulation" or the "percent word inteiligibility".

-0

0
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PB-50 List I PB-50 LIst 2
1. cane 26. pest 1. tang 26. blush
2. there 27. slip 2. fate 27. nab
3. dish 28. rub 3. suck 28. bait
4. hid 29. feast 4. else 29. bud
5. heap 30. deed 5. pit 30. rap
6. pants 31. cleanse 6. gill 31. moose
7. hunt 32. folk 7. charge 32. trash
8. no 33. nook 8. bought 33. gloss
9. bar 34. mange 9. cloud 34. perk

10. pan 35. such 10. mute 35. vamp
11. fuss 36. use (yews) 11. bean 36. start
12. creed 37. crash 12. scythe 37. earl
13. box 38. ride 13. vast 38. corpse
14. strife 39. pile 14. rib 39. sludge
15. dike 40. rat 15. pick 40. tan
16. not 41. rag 16. hock 41. ways
17. ford 42. is 17. our 42. bounce
18. end 43. wheat 18. hit 43. niece
19. then 44. rise 19. job 44. awe
20. bask 45. hive 20. wish 45. them
21. fraud 46. grove 21. nut 46. need
22. smile 47. toe 22. dab 47. quart
23. death 48. plush 23. frog 48. give
24. are 49. clove 24. log 49. hire
25. bad 50. fern 25. snuff 50. shoe

* L _ EB-50 List 4
1. why 26. size 1. float 26. new
2. turf 27. wedge 2. sage 27. rut
3. gnaw 28. deck 3. cloak 28. neat
4. drop 29. hurl 4. race 29. dodge
5. jam 30. wharf 5. tick 30. sketch
6. flush 31. leave 6. touch 31. merge
7. rouse 32. crave 7. hot 32. bath
8. neck 33. vow 8. pod 33. court
9. sob 34. law 9. frown 34. oils

10. trip 35. stag 10. rack 35. shin
11. dill 36. oak 11. bus 36. peck
12. thrash 37. nest 12. blonde 37. beast
13. dig 38. sit 13. pert 38. heed
14. rate 39. crime 14. shed 39. eel
15. far 40. muck 15. kite 40. move
16. check 41. fame 16. raw 41. earn
17. air 42. take 17. hiss 42. budge
18. bead 43. who 18. fin 43. sour
19. sped 44, toil 19. scab 44. rave
20. cast 45. path 20. how 45. bee
21. class 46. pulse 21. strap 46. bush
22. lush 47. fig 22. slap 47. test
23. shout 48. barb 23. pinch 48. hatch
24. bald 49. please 24. or 49. course
25. cape 50. ache 25. starve 50. dupe
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1. feed 26. sly 1. as 26. batde
2. gape 27. wrath 2. pun 27. cloth
3. sick 28. love 3. rough 28. kept
4. Greek 29. beck 4. nigh 29. flop
5. roe 30. thick 5. best 30. fall
6. choose 31. flap 6. jag 31. wasp
7. true 32. cheat 7. tongue 32. ode
8. pass 33. wink S. hitch 33. hull
9. browse 34. zone 9. bog 34. fee

10. punt 35. odds 10. rooms 35. lag
11. shove 36. kid 11. fowl 36. thigh
12. hill 37. trade 12. reap 37. chart
13. black 38. scare 13. writ 38. wait
14. high 39. mast 14. wife 39. cob

15. rind(rThnd) 40. pipe 15. clothes 40. mash

16. vase (v ac e) 41. good 16. gage 41. eyes
17. rode 42. lend 17. forge 42. raise
18. puff 43. yawn 18. prime 43. deep
19. inch 44. watch 19. scan 44. shank
20. bronze 45. thud 20. grope 45. ray
21. solve 46. tug 21. sup 46. gap
22. bathe 47. curse 22. slouch 47. crib
23. add 48. owls 23. thus 48. pus
24. rear 49. nose 24. prig 49. eat
25. shine 50. grudge 25. flick 50. dad

7 PB-50 List 8
1. gasp 26. by 1. wheeze 26. bored
2. woo 27. am 2. roll 27. slide
3. though 28. nine 3. look 28. e
4. act 29. wire 4. freak 29. queen
5. dwarf 30. aim 5. spice 30. jell
6. scout 31. shaft 6. hum 31. forth
7. sledge 32. south 7. kill 32. clod
8. sniff 33, woe 8. rot 33. frock
9. fling 34. chop 9. bind 34. calf

10. cook 35. knit 10. :ood 35. guess
11. clope 36. raid 11. bid 36. shack
12. gun 37. sin 12. night 37. yeast
13. jug 38. cut 13. pint 38. od
14. mud 39, him 14. thread 39. crack
15. plod 40. dose 15. this 40. bolt
16. fake 41. quiz 16. catch 41. dumb
17. phase 42. siege 17. chew 42. f I i ip
18. rash 43. ooast 18. us 43. eas
19. rich 44. grade 19. till 44. wig
20. but 45. fort 20. rest 45. rope
21. pounce 46, comes 21. rod 46. lick
22. whiff 47. off 22. fad 47. left
23. pig 48. pent 23. chant 48. dKu
24. roar 49. range 24. front 49.
25. sa 50, mote 25. day 50. rhyme
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PB-50 List 9 E.0il!S List 10
1. arch 26. with 1. O 26. all
2. year 27. noose 2. slug 27. youth
3. fluff 28. fume 3. rape 28. etch
4. phone 29. rude 4. nudge 29. put
5. crowd 30. hoof 5. page 30. cue
6. lit 31. oe 6, rip 31. line
7. gate 32. club 7. hat 32. force
8. paL* 33. fuse 8. valve 33. plus
9. thank 34. mass 9. f i r 34. tag

10. chest 35. sip 10. ow 35. clothe
11. weak 36. ten 11. flight 36. wake
12. throne 37. ditch 12. maze 37. cord
13. than 38. give 13. those 38. scrub
14. reed 39. spud 14. staff 39. void
15. birth 40. toad 15. rush 40. mope
16. itch 41. troop 16. snipe Al. champ
17. boost 42. beef 17. ears 42. lap
18. carve 43. cud 18. gull 43. flaunt
19. key 44. root 19. earth 44. pink
20. nuts 45. bit 20. bash 45. daub
21 ocd 46. ice 21. jay 46. real
22. chess 47. grace 22. bug 47. bob
23. wipe 48. clown 23. thug 48. chance
24. flag 49. smart 24. tree 49. wae
25. wild 50. nerve 25. back 50. hurt

PB-50 List 11 PB-50 List 12
1. clash 26. most 1. ball 26. gnash
2. latch 27. shot 2. chink 27. chafe
3. shop 28. rice 3. dime 28. vine
4. net 29. have 4. cling 29. wove
5. jab 30. probe 5. tile 30. sky
6. pond 31. sign 6. jazz 34 and
7. drake 32. crutch 7. rove 32. greet
8. feel 33. frisk 8. frill 33. wage
9. doubt 34. dip 9. priest 34. s

10. loss 35. hog 10. foot 35. flood
11. beam 36. sap 11. laugh 36. jaw
12. purse 37. punk 12. set 37. fought
13. bliss 38. mouth 13. lash 38. ripe
14. lag 3"9 fudge 14. clutch 39. hunch
15. chunk 40. reet 15. chair 40. loose
16. otxi 41. spy 16. cave 41. fed
17. urge 42. arm 17. hug 42. flog
18. sprig 43. arc 18. romp 43. ledge
19. kit 44. wood 19. knife 44. jolt
20. wave 45. jaunt 20. chap 45. eron
21. goal 46. stiff 21. ieek 46. out
22. low 47. fine 22. depth 47. bluff
23. cry 48. risk 23. shut 48. hear
24. snow 49. dull 24. sod 49. WJ
25. tab 50. prod 25. park 50. throb
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SI• PB-SO List 13 4B-50List 14
1. corn 26. stead 1. howl 26. life
2. climb 27. elk 2. lathe 27. clip
3. jig 28. hack 3. me 28. darn
4. fold 29. pelt 4. nick 29. heat
5. grave 30. elm 5. coax 30. shook
6. thin 31. bean 6. at 31. car
7. cdg 32. plead 7. foam 32. Isle
8. hook 33. nice 8. quack 33. dash
9. soap 34. deaf 9. stuff 34. dung

10. grape 35. tap 10. rid 35. barn
11. wean 36. smash 11. bust 36. group
12. few 37. scuff 12. tray 37. shrug
13. taint 38. ought 13. slab 38. oft
14. smooth 39. for 14. purge 39. curve
15. price 40. nag 15. vague 40. wag
16. side 41. made 16. tent 41. vote
17. fill 42. nip 17. sing 42. tell
18. hate 43. mush 18. soil 43. cute
19. mood 44. muff 19. ctouse 44. hunk
20. moth 45. mop 20. fife 45. smite
21. my 46. bat 21. nod 46. thy
22. curb 47. gem Z2. kick 47. grate
23. sled 48. owe 23. prude 48. waif
24. patch 49. pug 24. news 49. wrist
25. chiange 50. tip 25. muss 50. dea

PB-50 List 15 PB-S0 List 16
1. dive 26. time 1. fright 26. louse
2. wed 27. sir 2. turn 27. pitch
3. weave 28. tack 3. aid 28. pump
4. that 29. flame 4. wield 29. crews
5. dove (duv) 30. shade 5. gab 30. tuck
6. kiss 31. cheap 6. rouge 31. ton
7. s 32 less 7. droop 32. rock
8. tinge 33. elf f'. map 33. suit
9. ninth 34. naught 9. hose 34. dwne

10. cuff 35. wide 10. stress 35. tire
11. golf 36. wreck 11. rug 36. thou
12. gash 37. fact 12. book 37. sheep
13. bell 38. morn 13. leash 38. slab
14. glove 39. jade 14. cliff 39. ink
15. scow 40. mitt 15. fifth 40. soar
16. teach 41. cost 16. thresh 41. three
17. sense 42. fleet 17. barge 42. dub
18. boss 43. blind 18. lay 43. rye
19. tweed 44. mesh 19. din 44. doese
20. slash 45. Wge 20. sheik 45. kind
21. oath 46. hedge 21. par: 46. next
22. may 47. shrub 22. ha 47. closed
23. pup 48. hole 23. =Vg 48. go
24. quick 49. mode 24. knee 49. drape
25. vi:e 50. own 25. hash 50. nap
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PfL-50 List 17 PB-S List 16
1. all 26. ma I. bless 26. claw
2. mist 27. peg 2. bale 27. cat
3. press 28. ridge 3. axe 28. rose
4. wine 29. bet 4. lynch 29. wed
5. tube 30. sell 5. lunge 30. hI.
6. feet 31. ship 6. waste 31. crab
7, fit 32. hence 7. sack 32. got
8. booth 33. ox 8. thaw 33. chip
9. big 34. myth 9. cub 34. lime

10. crush 35. reach 10. dice 35. fool
11. pearl 36. shock 11. freeze 36. thorn
12. weep 37. braid 12. thine 37. camp
13. brace 38. pare 13. art 38. dot
14. form 39. vice 14. grab 39. rob
15. roam 40. apt 15. lip 40. loud
16. hood 41. stride 16. ouch 41. chaff
17. plow 42. past 17. aims 42. fade
18. i f 43. rage 18. sieve 43. sash
19. weird 44. buck 19. hush 44. hide
20. ce 45. fresh 20. gray 45. debt
21. dart 46. paid 21. grew 46. claws
22. scratch 47. fell 22. trod 47. fat
23. you 48. dine 23. chain 48. flare
24. falls 49. gum 24. note 49. gush
25. last 50. clew 25. share 50. chill

0PB-50 List 19 P-.50 List 20
1. cab 26. chose (chc-z) 1. in 26. roost
2. fan 27. calve (cav) 2, theme 27. sigh
3. find 28. cant 3. web 28. a
4. splash 29. cage 4. duke 29. salve
5. shy 30 sill 5. slice 30. rout (rowt)
6. slid 31 loose 6. quip 31. did
7. throat 32. dune 1. retch 32. tilt
8. drug 33. cup 8. pew 33. base
9. on 34. ebb 9. pad 34. pack

10. rule 35. god 10. wash 35. gob
11. gin 36. flank 11! gang 36. hump
12. wheel 37. fond 12. fair 37. soak
13. steed 38. led 13. get 38. skid
14. crude 33. chat 14. rouge 39. slush
15. bay 40. lip 15. ramp 40. through
16. rote 41. tark 16. lid 41. flash
17. raft 42. hike 17. seed 42. robe
18. yes 43. paste 18. judge 43. fast
19. yield 44. s~at 19. walk 44, mow (mo)
20. lao 45. u, 2C. souse 45. wise
21. white 46. thiEf 21. eye 46. cart
22. perch 47. notc" 22. beard 47. brass
23. lust 48. hut 23. cork 48. joke
24. dough 49. buzz 24. crate 49. puss
25. gyp 50. bough 25. dog 50. click
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APPENDIX C-2

MODIFIED RHYME TEST

This appendix presents 12 lists of rhymed words. There are 50 groups of 6 rhymed
words each.

The MRT is scored by: (a) counting the number of words correct, and (b) determining
the percent words correct according to the following formula:

Percent Correct= [No. Correct- No. Wrong ] 2

This formula is required to correct the word score for chance or guessing made possible
by the multiple-choice format of the answer sheet.

0
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LLIST I

91 lick pick tick wick sick kick 1 went sent bent dent lent rent
2 seat meat beat heat neat feat 2 hold cold told fold sold gold
3 pus pup pun puff puck pub 3 pat pad pan path pack pass
4 look hook cook book took shook 4 lane lay late lake lace lame
5 tip lip rip dip sip hip 5 kit bit fit hit wit sit
6 rate rave raze race ray rake 6 must bust gust rust dust just
7 bang rang sang gang hang fang 7 teak team teal teach tear tease
8 hill till bill fill kill will 8 din dill dim dig dip did
9 mat man mad mass math map 9 bed led fed red wed shed

1 0 tale paIP male bale gale sale 1 0 pin sin tin fin din win
11 sake sale save same safe sane 11 dug dung duck dud dub dun
12 peat peak peace peas peal peach 12 sum sun sung sup sub sud
13 king kil kill kin kid kick 13 seep seen seethe seek seem seed
14 sad sass sag sat sap sad< 14 not tot got pot hot lot
1 5 sip sing sick sin sill sit 1 5 vest test rest best west nest
16 sold Iold hold cold gold fold 16 pig pill pin pip pit pick
1 7 buck but bun bus buff bug 1 7 back bath bad bass bat ban
1 8 lake lace lame lane lay late 1 8 way may say pay day gay
1 9 gun run nun fun sun bun 1 9 pig big dig wig rig fig
20 rust dust just must bust gust 20 pale pace page pane pay pave
21 pan path pad pass pat pack 21 cane case cape cake came cave
22 dim dig dill did din dip 22 shop mop cop top hop pop
23 wit fit kit bit sit hit 23 coil oil soil toil boil foil
24 din tin pin sin win fin 24 tan tang tap tack tam tab
25 teal teach team tease teak tear 25 fit fib fizz fill fig fin
26 tent bent went sen, rent dent 26 same name garn, tame came fame
27 sung sup sun sud sum sub 27 peei reel feel eel keel heel
28 red wed shed bed led fed 28 hark dark mark bark park lark
29 hot got not tot lot pot 29 heave hear heat heal heap heath
30 dud dub dun dug dung duck 30 cup cut cud cuff cuss cub
31 pip pit pick pig pill pin 31 thaw law raw paw jaw saw
32 seem seethe seep seen seed seek 3 2 pen hen meri then den ten
33 day say way may gay pay 33 puff puck pub pus pup pun
34 rest best test nest vest west 34 bean beach beat beak bead beam
3 5 pane pay pave pale pace page. 3 S heat neat feat seat meat beat
36 bat bad back bath ban bass 36 dip sip hip tip lip rip
37 cop top mop pop shop hop 37 kill kin kit kick king kid
38 fig pig rig dig wig bip 38 harV sang bang rant. fang gang
39 tap tack tang tab tan 'am 39 took cook look hook shook book
40 cave cane came ,e cake case 40 mass math map m3t man mad
41 game tame name fame same came 41 iay faze rate rave rake race
42 oil foil toil boil soi coil 42 save same sale sane sake saie
43 fin fit fig fizz fii fib 43 kilt! will hill till bill
44 cut cub cu,, cuss CA.. cup 44 s. .Ick sip sing sit s!n
45 feel eel ree heel pee! keel 4 batT jail •;ale tale pale male
46 dark lark bar. pa.k mark hark 4A witk iL kick lick pick tick
47 heap heat hNam. hear heotn' hea. 4; veae a ,eak peach peat peal
48 men then hen ten pen den ,4 8 WUSi oU tut bug buck buff
49 raw paw la yv saw thaw jav'; 4.) sk s.at am $a* a sap
50 bmee beat be:an, beach beam bek 50 fur ';un bun gun run nun

0
0-8



15 May 1990 TOP 1-2-610

* 1 gold hold sold told fold cold I sun nun gun run bun fun
2 lame lane lace late lake lay 2 kit kick kin kid kill king
3 bust just rust dust gujst must 3 bust just rust dust gust must
4 did din dip dim d1ig dill 4 pill pick pip pit pin pig
5 sin win fin din tin pin 5 ban back bat b bass bath
6 sun sud sup sub sung sum 6 rent went tent bent dent sent
7lot not hot got pot tot 7pad pass path pack pan pat
8 pill pick pip pit pin pig 8 bill fill till will hill kill
9 may gay pay day say way 9 tWan hang fang bang rang sang

10 pave pale pay page pawne pace 10 sun sud sup sub sung sum
11 pop shop hop cop t.)p mop 11 pave pale pay page pane pace
12 tang tab tack tam tap tan 12 safe save sake sale sane same
13 keel feel peel reel heel eel 13 tang tab tack tam tap tan
14 heal heap heath heave hear heat 14 gale male tale pale sale bale
15 paw jaw saw thaw iaw raw 15 test nest best west rest vest
1 6 pub pus puck pun puff pup 16 pub pus puck pun puff pup
17 meat feat heat neat beat seat 17 pop shop hop cop top mop
18 kit kick kin kid kill king 18 name fame tame came game same
19 cook book hook shook look took 19 sin sill sit sip sing sick
20 race ray rake rate rove raze 20 sip rip tip lip hip dip
21 bill fill till will hill kill 21 may gay pay day say way
22 sap sag sad sass sack sat 22 sin win fin din tin pin
23 gale male tale pale sale bale 23 soil toil oil foil coil boil
24 peas peal peach peat peak peace 24 cuff cuss cub cup cut cud
25 rent went tent bent dent sent 25 wig rig fig pig big dig

* 26 sun nun gun run bun fun 26 sap sag sad sass sack sat
27 bus buff bug buck but bun 27 tick wick pick kick lick sick
28 tick wick pick kick lick sick 28 :ot not hot got pot tot
29 sin sill sit sip sing sick 29 park mark hark dark lark bark
30 name fame tame came game same 30 seen seed seek seem seethe seep
31 safe save sake sale sane same 31 dun dug dub duck dud dung
32 map mat math mad mass man 32 beac, beam beak bead beat bean
33 gang hang fang bang rang sang 33 did din dip dim dig dill
34 sap rip tip lip hip dip 34 led shed red wed fed bed
35 beach beam beak bead beat bean 35 peas peal peach peat peak peace
36 hen ten then den men pen 36 tease teak tear teal teach team
37 cuff cuss cub cup cut cud 37 map mat math mad mass man
38 park mark hark dark lark bark 38 came cape cane case cave cake
39 fizz fill fib fin fit fig 39 keel feel peel reel heel eel
40 soil toil oil foil coil boil 40 gold hold sold told fold cold
41 came cape cane case cave cake 41 paw jaw saw thaw law raw
42 wig rig fig pig big dig 42 race ray rake rate rave raze
43 ban back bat bed bass bath 43 bit sit hit wit fit kit
44 test nest best vest rest west 44 fizz fill fib fin fit fig
45 sen seed seek seem seethe seep 45 lame lane lace late lake lay
46 dun dug dub duck did dung 46 bus buff bug buck but bun
47 led shed red wed fed bed 47 cook book hook shook look took
48 base "eak tear teal teach team 48 hen ten then don men pen
49 bit sit hit wit fit kit 49 meat feat heat neat beat seat
50 pad pass paith pack pan pat 50 heal heap heath heave hear heat
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SLIST 5X SI6

-* 1 tan tang tap tack tam tab I rate rave raze ace ray rake
2 peel reel feel eel keel heel 2 tap tack tang tab tan tam
3 coil oil soil toil boil foil 3 king kit kill kin kid kick
4 teak team teal teach tear lease 4 feel eel real heel peel keel
5 hang sang bang rang fang gang 5 rust dust just must bust gust
6 heat neat feat seat meat beat 6 oil foil toil boil soil coil
7 bean beach beat beak bead beam 7 pip pit pick pig pill pin
8 went sent bent dent tent rent 8 wit fit kit bit sit hit
9 pat pad pan path pack pass 9 bat bad back bath ban bass

10 sag sat sass sack sad sap 10 bang rang sang gaW hang fang
11 sum sun sung sup sub sud 11 tent bent went sent rent dent
12 dug dung duck dud dub dun 12 seat meat beat heat neat feat
13 pen hen men then den ten 13 pan path pad pass pat pack
14 took cook look hook shook book 14 bead beat bean beach beam beak
15 dip sip hip tip lip rip 15 iad sass sag sat sap sack
16 din dill dim dig dip did 16 sung sup sun sud sum sub
17 save same sale sane sake safe 17 gun run nun fun sun bun
1 8 must bust gust rust dust just 1 8 heap heat heave hear health heal
1 9 wick sick kick lick pick tick 1 9 sake sale save same safe sane
20 pig big dig wig rig fig 20 dud dub dun dug dung duck
21 cup cut cud cuff cuss cub 21 men then hen ten pen den
22 shop mop cop top hop pop 22 tale pale male bale gale sale
23 same name game tame came fame 23 look hook cook book took shook
24 not tot got pot hot lot 24 rest best test nest vest west
25 mass math map mat man mad 25 tip lip rip dip sip hip
26 puff puck pub pus pup pun 26 pus pup pun puff puck pub
27 pin sin tin fin din win 27 dim dig dill did din dip
28 fun sun bun gun run nun 28 cop top mop pop shop hop
29 fill kill will hill till bill 29 game tame name fame same came
30 bun bus but bug buck buff 30 lick pick tick wick sick kick
31 bed led fed red wed shed 31 sip sing sick sin sill sit
32 sill sick sip sing sit sin 32 raw paw law saw thaw jaw
33 cane case cape cake came cave 33 day say way may gay pay
34 kit bit fit hit wit sit 34 fig pig riu dig wig big
35 hold cold told fold sold go;d 35 din tin pin sin win fin
36 hard dark mark bark park lark 36 cut cub cuff cuss cud cup
37 fit fib fizz fill fig fin 37 hot got not tot lot pot
38 vest test rest best west nest 38 buck but bun bus buff bug
39 bale gale sale tale pale male 39 dark lark bark park mark hark
40 kill kin kit kick king kid 40 hill till bill fill kill will
41 way may say pay day gay 41 seam setthe seep seen seed seek
42 back bath bad bass bat ban 42 red wed shed bed led fed
43 thaw law raw paw jaw saw 43 cave cane came cape cake case
44 peace peas peak peach peat peal 44 peat peak peme peas peal peach
45 ray raze rate rave rake race 45 mat man mad mass math map
46 lane lay late lake lace lame 46 teal teach team tie teak tear
47 pig pill pin pip pit pick 47 sold told hold cold gold fold
4 e eep seen seethe seek seem seed 48 pane pay pave pale pae page
49 heave haar heat heal heap heath 49 fin fit fig fizz fill fib
50 pale pce page pane pay pave 50 lake lace lame lane lay late

0
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* 1 kick lick sick tick wick pick 1 sent rent dent tent bent went
2 neat beat seat neat feat heat 2 told foid cold gold hold sold
3 pun puff pup pub pus puck 3 paws pat psck pan path pad
4 h)ok shook book tuck cook look 4 lay lame lake isce lale. lane
5 lip hip dip sip rip tip 5 sit kit wit fit hit bit
6 rake rate ray ra2e race rave 6 jiust must dust gust rust bust
7 fang bang hang sarg gang rang 7 learn lease teach tear teal leak
8 will hill kill tJ i I fill till 8 'dill did dig dip dim din
9 map mat math mad mass man 9 shed bed wed fed red led

10 pale sale bale fja'e male tale 10 win pin din tin fin sin
11 sane, sake safe wafe same sale 1 1 dung dun dud dub duck dkug
12 peak peach peas peal peace peat 12 sW sum sub sung sup sun
13 kin kid kick kiung kit kill 13 sesd seep seem seethe seek seen
14 sack sad sap saw sat sass 14 Wot lo0 pot not got not
1 5 sit sip sill sick sin sing 1 5 rtest vest west rest best test
1 6 fold sold gold h,)ld cold told 16 pick pig pit pin pip pill
1 7 but bug bus tuff bun buck 1 7 bath ban bass bat bad back
1 8 late lake lay fame lane lace 18 gay way day say pay may
1 9 run bun fun sun nun gun 1 9 rig dig pig big fig wig
20 dust gust must bust just rust 20 pace pave pane pay pae pale
21 path pack pass pat pad pan 21 cpe cake case cave cane came
22 dip dim din dill did dig 22 mop pop top hop cop shop
23 fit hit bit sit kit wit 23 boil soil coil oil foil toil
24 tin fin sin win pin din 24 tab tan tam tap tack tang
25 tear teal teak team tease teach 25 fill fig fin fit fib fizz
26 dent tent rent went sent bent 2$ fame seJne came game tame name
27 sup sub sud sum sun sung 217 reel heel eel keel feel peel
28 wed fed bed led shed red 28 bark park lark hark dark mark
29 pot hot lot not tot got 29 hear heath heal heap heat heave
30 duck dud dung dun dug dub 30 cud cuff cut cub cup cuss
31 pit pin pig pill pick pip 31 saw thaw jaw raw paw law
32 seethe sepk seen seed seep seem 32 den men pen hen ton then
33 say pay may gay way day 33 puck pun pus pup pub puff
34 best west nest vest test rest 34 beak bead beam bean beach beat
35 page pane pace pave pale pay 35 beat teat meat feat seat neat
36 bass bat ban back bath bad 36 hip tip sip rip dip lip
37 hop cop shop mop pop top 37 kid kill king kit kick kin
38 dig wig big fig pig riq 38 rang faig ung ha•ng $w• bang
39 tack tam tab tan tang tap 39 shook look took cook bo')k hook
40 cake came cave cane case cape 40 man map mass math mad mat
41 tame came fame same name game 4 1 rave rake race ray raze rate
42 toil boil foil coil Oil soil 42 sale sane same safe save sake
43 fig fizz fit fib fin fill 43 till will fill kill bill hill
44 cuss cud cup cut cub cuff 44 sick sin sing sit sip sill
45 heel peel keel feel eel reel 45 sale tale gale male bale pale
46 mark bark dark lark hark park 46 sick tick lick pick kick wick
47 heath heave heap heat heal hear 47 peach peat peal peace peas peak
48 then den ten pen hen men 48 buff bun buck but bug bus
49 law saw paw jaw raw thaw 49 sass sack sat &V sea sad
50 beat beak beach beam bean bead 50 nun fun run bun gion sun
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q 1 cold gold fold Wld tcld hold 1 bun gun sun nun fun run
2 lace late lane lay lame lake 2 kick king kid kill kin kit
3 gust rust ',ust just must dust 3 gust rust bust just must dust
4 dig dip did din dill dim 4 pin pip pill pick pig pit
5 fin din win pin sin tin 5 bad bass bath ban back bat
6 sub sung sum sun sud sup 6 bent dent "ent rent went tent
7 got pot tot lot not hot 7 pack pan pat poi pass path
8 pin pip pill pick pig pit 8 kill bill hill till will fill
9 pay day gay way may say 9 sang gang rang fang bang hang

10 pay page pale pae pave pane 10 sub sung sum sun s"d sup
I Itop hop pop shop mop cop II pay page pale pace pave pane
12 tam tap tan tang tab tack 1 2 sale sake save same safe sane
13 eel keel heel peel reel feel 1 3 tam tap tan tang tab tack
14 heat heal hear heath heave heap 14 male bale pale sale tale gale
15 jaw raw thaw law saw paw 1 5 west rest vest test nest best
16 pup pub puff puck pun pus 1 6 pup pub puff puck pun pus
17 feat seat neat beat heat meat 1 7 top hop pop shop mop cop
18 kick king kid kill kin kit 1 8 came game same name fame tame
19 book took shook look hook cook 1 9 sing sit sin sill sick sip
20 raze race rave rake rate ray 20 rip dip lip hip tip sip
21 kill bill hill till will fill 21 pay day gay way may say
22 sat sap sack sad sass s 22 fin din win pin sin tin
23 male bale pale sale tale pale 23 foil coil boil soil toil oil
24 peal peace peat peak peach peas 24 cub cup cuss cud cuff cut
25 bent dent sent rent went tent 25 big fig wig rig dig pig

S 26 bun gun sun nun fun run 26 sat sap sack sad sass sag
27 bug buck buff bun bus but 27 pick kick wick sick tick lick
26 pick kick wick sick tick lick 28 got pot tot lot not hot
29 sing sit sin sill sick sip 29 lark hark park mark bark dark
30 cwme gare same name fame tame 30 seek seem seed seep ssert seethe
31 sake sale save same safe sane 31 dub duck du dung dun dud
32 math mad mat man map mass 32 beam bean beal beat beak beach
33 sang gang rang fang bang hang 33 dig dip did din dill dim
34 rip dip lip hip tip sip 34 fed red led shed bed wed
35 beam bean beWa beat beak beach 35 peal peace peat peak peach peas
36 ten pen c'en men then hen 36 leach tear lease teak team teal
37 cub cup cuss cud cuff cut 37 math mad mat mai map mass
38 lark hark park mark bark dark 38 case cave cake came cope cane
39 fib fin fill fig fizz fit 39 eel keel heel peel reel feel
40 foil coil boil soil toil oil 40 coid gold fold sold told hold
41 case cave cake came cape cane 41 jaw raw thaw law saw paw
42 big fig wig rig dig pig 42 raze race rave rake rate ray
43 bed bass bath ban back bat 43 hit wit sit kit bit fit
44 west rest vest test nest best 44 fib fin fill fig fizz fit
45 seek seem Wed seep seen seethe 45 lace late lane lay lame lake
46 dub duck dig dung dun did 46 bug buck buff bun bus but
47 fed red led shed bed wed 47 book took shook look hook cook
48 leach tear lease teak team teal 48 ten Pen db men then hen
49 hit wit sit kit bit fit 49 feat seat neat beat heat meat
50 pack pan pat pod pass path 50 heat heal hear heath heave heap
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APPENDIX D

EXPECTED ENVIRONMENTAL EFFECTS ON PERFORMANCE
OF SPECIFIC TASKS:

CANDIDATE TEST CONDITIONS

This appendix presents tables which indicate expected environmental effects on performance of
the tasks contained in the Sample Task Checklists in Appendix A of HEDGE. Wh- e a task is to be
performed under the environmental conditions noted in this appendix and tha environmental
efftcts noted are anticipated to produce problems, inclusion of the conditions in the test should
be considered. Appendix D covers t:ie twenty-one Test Function/item Class/Subclass
combinations listed in Figure 3 of HEDGE.

Environmental Effects on Task_ Performance EA2

OPERABILITY
I. Vehicles

A. M aneuvering ............................................................................. D -3
B . A ir ......................................................................................... . . D - 1 1
C. Non-Maneuvering ................................. D - 1 7

I1. Weapons
A . Ind ivid ua l .................................................................................. D -2 3
B . C rew S erved ......................................... .... ............................... D -2 9

Il1. Materiel Handlers
A. Soldier-Operated ................................................................... D - 35
B . Soldier-M onitored ..................................................................... D -4 1

IV. Electronics/Signals
A. Sensors & Detectors ................................................................. D -4 7
B. Information/Command-Control Systems ............................... D- 53

V. Operational Support
A. Maintenance & Repair Equipment ......................................... D-59
B. Materiel Production & Environment Control ............................ D-65

VI. Troop Support Equipment
A. C onsum ables .............................................................................. D -7 1

MAINTAINABILITY
I. V e hicles .......................................................................................... ... D -7 7
11. W eapo ns .............................................................................................. D -8 3
I1l. M ateriel H andlers ............................................................................... A -8 9
IV . Electronics/Signals ............................................................................ D -9 5
V. O perational Support ........................................................................... D -10 1

TRANSPO RTABILITY ........................................................................................... D -107
PORTABILITY/USABILITY (Clothing and Personal Equipment) ........................ D - 113
E R EC TAB ILITY .................................................................................................... D - 11 9
HAB ITAB ILITY ................................................................................................... D -123
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APPENDIX E-1

GENERAL GLOSSARY

Al - Articulation Index.

Ambient lighting - Lighting throughout an area that produces general illumination.

Ambient noise - All-encompassing noise associated with a given environment, being
usually a composite of sounds from many sources and with no particular sound being
dominant.

Angle of Incidence - The angle between the line of direction of anything (as a ray of
light or line of sight) striking a surface and a line perpendicular to that surface
drawn to the point of contact.

ANSI - American National Standards Institute.

Anthropometry - Technology of measuring human physical traits; primarily size,
mobility, and strength.

Audiometer - An instrument to measure sound pressure levels produced by the
movement of molecules in the air caused by a sound.

A-weighting - Equipping a sound level meter with filters that screen sounds so that
the meter's sensitivity to sounds of different frequencies resembles that of the ear,
A-weighted readings are measured in decibels and are indicated by using the
abbreviation dB(A).

Cathode Ray Tube (CRT) - An electronic tube in which a well-defined and
oontrollable beam of electrons is produced and directed to a surface to give a visible
or otherwise detectable display or effect. The face of a CRT is used in some
interactive graphic display devices as the display surface.

CEOI - Communication and Electronic Operation Instruction.

Contrast - The difference in light intensity between what is being viewed and its
background.

Cursor - A symbol or sign which acts as a flag to identify one and only one of the
character spaces on the display screen of a VDT that will be affected by a command or
action.

dB(A) - The unit used to express sound level measured through the A-weighting
network of a sound level meter. See A-weighting.

dB(C) - The unit used to express sound level measured through the C-weighting
network of a sound level meter.

Detent - A device (e.g., a ca,.h or notch) for positioning and holding one mechanical
part in relation to another so that the device can be released by force applied to one of
the parts.

El-
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Direct glare - Glare resulting from high luminances or insufficiently shielded light
sources in the field of view.

Discrimination - The process of detecting differences among signals to the sense
organs.

Display - A pattern of sensory cues, usually visual or auditory, presented by means of
instruments and arranged to provide information concerning the functioning of a
machine or apparatus.

Display surface - The medium upon which a display image is produced (e.g., CRT
screen, film, paper).

Egress - Path or opening by moans of which one goes out.

Feedback - The knowledge of results received about the status or adequacy of outputs.

Flicker - A blinking or pulsation of a display image on a CRT display occurring when
the refresh rate is so low that the regeneration does not keep the image at a constant
intensity.

Font - The characteristics or style of a lettering or typeface.

Footcandle (1c) - A unit used to measure the intensity of ambient light (illuminance).

Footlambert (fL) - A unit used to measure intensity of reflected or emitted light
(luminance).

Function key - A button or switch whose activation is interpreted as a command
directive as opposed to a data item. Function keys are often included to execute a
combination of machine functions without the need to perform each function
separately.

Glare - A visual condition caused by excessive luminance variations within the field of
vision (e.g., when bright sources of light such as windows or lamps or their
reflected images fall in the line of sight).

Hard copy - The computer output in either printed or graphical form that can be read
directly by humans and handled and filed.

Hertz (Hz) - Measuremern of frequency; 1 hertz is an oscillation of one cycle per

second.

HFE - Human Factors Engineering.

Human Factors Engineering (HFE) - The systematic application of information
about human factors to the design of products, equipment, iacilities, systems, and
environments.

Human Factors Engineering Specialist - A peison working in the human factors

engineering aea.

Hz - Hertz (cycles/second).

lAP - Independent Assessment Plan

E-2
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IEP - Independent Evaluation Plan.

s Illuminance - A measure of the quanilty (density) of lighi reaching an object or
surface. Measured in fooicandls.

Illumination The act of illuininating or state of being Illumlnated. The terms
Illumination and illlu.i;i.drice are used to connote density of luminous flux or a
surface.

Ingress - A means or place of entering.

Ischial Tuberosities - The rounded portion of the bone on which the body rests when
sitting.

Light-Emitting Diode (LED) - A semiccrductor device which emits visible light
when excited with an input voltag., above the device's threshold voltage.

Lighting balance - The evenness of illumination across a group of displays.

Lighting uniformity - The evenness of illumination within a single display.

Luminance - The amount of light per unit area reflected from or emitted by a surface.
Measured in footcandles. Formerly used synonym: photometric brightness.

Luminance contrast - The contrast between the background and a figure equals the
absolute difference between the higher luminance (L1) and the lower luminance
(12) divided by the lower luminance.

Luminous flux - The amount of light emitted by a point source into 1 steradian (the
unit of solid angle in space, as a radian is a unit of angle in a fiat plane). Measured in
lumens.

Lux (Ix) - The standard international unit of illuminance, One lux is one lumen per
square meter (Im/m2).

Masking - 'The partial or complete obscuring of one tone by another. The degree of
masking is expressed in decibels.

Matte surface (finish) - One from which the reflection is predominantly diffuse,

with or without a negligible specular component.

MRT - Modified Rhyme Test.

NC . Noise Criteria.

Octave - An interval in which the upper frequency is twice the lower frequency.

PB - Phonetically Balanced.

Peak clipping (of speech signar•) - A technique vor controlling amplitude
relationships In speech by limiting the Instantaneous peak-ampillues to improve
Intelligibility of speech.

S Phosphor - A.coating of luminescernt mate-rial which emits visible light when struck

by a beam of electrons within an evacuated glass tube such as a CRT.

E-3
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Photometer - An instrument for measuring photometric quantities such as luminance,
luminous intensity, luminous flux, and illuminance.

Population stereotype - The way in which members of a population expect things to
behave, especially with respect to directional movements.

Reflectance - The ratio between the quantity of light that is reflected from a given
surface and the total quantity of light that is incident on the same surface.

Reflected glare - A glare condition caused by the reflection of bright sotirces of light,
e.g., windows, luminaires, etc., from illuminated surfaces within the field of vision.

Refreeh - A technique used to regularly energize the phosphor coating in the CRT to
ensure an apparently continuous and stable but in fact transient image.

Refresh rate - The frequency with which the image on the face of a refreshed CRT is
refreshed.

SIL - Speech Interference Level.

Speech intelligibility - A measure of the percentage of words, phrases, or sentences
correctly understood over a given speech communication system in a given noise
situation.

Speech Interference Level (SIL) - A measure of the effectiveness of noise in
masking speech. It is the arithmentic mean, in dB, of sound pressure levels in the
four octave bands with center frequencies of 500, 1000, 2000, and 4000 Hz.

Speech-to-nolse ratio (peek speech to rms noise) - The ratio between the
arithmetic mean of peak amplitudes of speech and the root-mean-square (rms)
amplitude of back-ground noise.

SPL - Sound Pressure Level.

SRP Seat Reference Point.

SRT - Speech Reception Threshold.

Trsk analysis - An analyticai process for determining the specific behaviors required
of the human components in a human-machine system. It involves determining the
detailed perfoimance required of people and equipment, and the elfects of
environmental conditions, malfunctions, and other unexpected events orl both.
Within each task to be performed by people, behavioral steps are analyzed in terms
of (1) !he sensory signals and related perceptions, (2) the docisions, memory
storage, and other mental processes, and (3) the required responses.

TOP - Test Design Plan.

TLV - Threshold Limit Value.

Translllurnir,&tlon - Light passed through, rather than reflocted off, an element to be
viewed, e.g., Illumination used on oonsole panels or Indicators utilizing edge and/or
back lighting techniques on clear, translucent, f.uorescent, or "andwicl-type plastic
materials.
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Trim range - The range of display illumination from minimum to maximum
* brightness.

TWA - Time Weighted Average.

Viewing angle - The angle subtended by objects that can be seen during a single glance.

Visual angle - The angle subtended by an object or detail located some distance from
the eye. It usually is measured in minutes of arc.

Visual angle (arc min.) ,,, (deo/rA. J_ý_.60 (minDd ea. x S
D

where: S the size of the object measured perpendicular to the line of sight
D - the distance of the object from the eye.

The numbers in the formula are constants used when the angle is less than 600 minutes
of visual arc.

Visual Display Terminal (VDT) - A terminal which comprises a keyboard for data
input and a display screen for control of the input.

WI - Windchill Index is a measure of the cooling effect produced by a combination of
ambient temperature and wind speed.

Window - The translucent, back-lighted, and usually labeled portion of a lighted visual
display.
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APPENDIX E-2

USER-COMPUTER INTERFACE GLOSSARY

Alphanumeric - Pertaining to a character set that contains both letters and numerals.

Analog - Similar or comparable.

Baud - A measure of the transmission speed capability of a communications line or
system. In a sequence of binary signals, 1 Baud - 1 BiVsec.

Brevity - Information presented to the operator or entered by the operator is grouped
into short, readily understandable units.

Buffer - An area of computer memory for temporary storage of an input or output
record.

Cathode Ray Terminal (CRT) - A terminal which has a keyboard for data input and a
display screen. Also used to describe a type of terminal in which an electronic
vacuum tube energizes phosphors on a screen.

Character - The actual or coded representation of a digit, letter, or special symbol but

not a space.

Code - A system of symbols and rules for use in representing information.

Command - A pulse, signal, or set of signals that occur in a computer as the result of an
instruction and which initiate one step in the process of executing the instruction.

Compatibility - A system is compatible to the extent that workspace, input and output
devices, and software accommodate user needs.

Consistency - A system is consistent to the extent that the behavior of the machine and
documentation correspond to the expectations of the operator.

Control Action - An action taken by the user to alter the state of the system.

CRT - See Cathode Ray Terminal.

Cursor - A symbol or sign which acts as a pointer to identify one or more character
spaces on the display screen of a CRT which will be affected by a command or action.
For example, it may indicate where the next character to be typed will appear.

Data Store - The part of a terminal in which received data is held during operation. A
method of storing data, usually in binary coded form.

Deletel - The ability to remove extraneous or erroneous material from screen or
memory, simultaneously eliminating the gaps which would otherwise be formed.

Delimiter - A special character used to denote a boundary between adjacent syntactic
components of a program; for example, a slash (/).

E-7
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Display Coding - A means of highlighting dis.played S.gments such that one segment is
differentiated Irom other scigments. d

Dot Matrix Characters Character images on a CnT display screen that are
represented by an appropriate number and location of dots within a defined cell or
amatrix" of dot positions.

Feedback - A response from the system which informs the user of the status of the

current request or cormmand.

Fixed Function Key - A function key that is not readily chageabie.

Flexibility - A system is flexible to the degree that individual differences in skill are
encompassed to ensure optimal performance of all users urnder all anticipated
conditions.

Flicker - A form of image Instability caused by the perceived dimming and brightening
of the character images as they are refreshed on the display screen.

Formatting - The structuring of the display screen into protected and accessible areas
within which various actions can b, performed in fields.

Form Filling - The entering of information into predefined areas or fields in the
display screen. Appropr'iate for buffered terminals only

Function Keyset - A collection of keys, each of which is associated with a specific
command.

Glare - A visual condition caused by excessive luminance variations within the fieWd of
vison, e.g., when bright sources of light such as windows or I[mps or thieir reflected
images fall in the line of sight.

Graphic Display - Display of data in the form of lines, shapes, and symbols such as
graphs, histograms, maps, etc.

Hardware - The physical equipment which makes up a computer system, q.g., CPU,
terminals, and other input/output (1/O) and storage devices. As opposed to the
programming software.

Hierarchical - Arranged in a set of levels; tree-structured.

Illuminance - That part of the luminous flux that is incident on a unit area of a
surface, i.e., a measure of the quantity of light with which a surface is illuminated.
Measured in units of Lux (Ix).

Interface - An electronic device which enables one piece of equipment to communicate
with or control another. A shared boundary.

Label - One or more characters used to identify a statement or an item of data in a
computer program.

Languages - Software framework of commands for writing a program.

Left-Justify - To display data in columns such that the first character of each row is
aligned vertically.

E-8
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Macro .. An instruction in a isource language that is equivalent to a specified sequence of
machine Instructions.

Memory - 'The pa-t of a omnputer, Internal to the CPU, where programs and L. .a are
storeo.

Menu -A rzollctiort of Items, e.g., & list or diractory of tho contents of a given file, from
which the operator may' select.

Multluoer -A system which permits muliiple users to access the same system in a
time-sharing mode via otimeto icir~g" interrupts of the single CPU or via use of
satellite CP~Us.

Nunwerlc Keypad - An arrangement of the 10 numoric keys In the standard telephone
arrangement: 1, 2, 3 acrors top row; 4. 5, 6 in secrind row; 7, 8, 9 in third row; 0
on the bottom row.

Page Scrolling - A technique uised in riscalling information from the display memory
in which, as the information is recalled, the entire screen content is renewed to
make room for the new data. Analogous to the page-by-page presentation and
indexing of prinied ýnforrnation.

Parameter - A quantity or ronstant whose va'ue varies with the circumstances of its
application. A quantity with variable values used in determinining other variables.

Phosphor - A coating of IL~minescent material which emits visible light when strL'cJ by
AI~k a beamn of electrons within an evacuated glass tube such as a CPT.

ST ~ Program -Set of instructions for handling data that is input into the system.

LEVELS: a. Languages are used to write programs.
b. Programs combine to handle a specific application,

Reflectance .. The ratio between the quantity of light that is reflected from a given
surface and the total quantity of light that is incident on the same surface.

Reflected Glare - A glare condition caused by the reflection of bright souroes of light,
e.g., windows, lumninaires, etc., from illuminated -surfaces within the fieid of vision.

Refresh -A technioue used to regularly energize the phosphor coating in the CRT in
order to ensure an apparently con~ir~uous ar'd stable, but in fact transient image.

Refresh Rate -The frequency with, which the image or the lace of the CR~T is refreshed.

Response Timne -The elapsed time between the generation of an inquiry at a data
tovminal and the rer~epl: ot the response at the same terminal.

Right-Justify - To display data in columns such tha-t the last character of eaci'l row is
aligned vertically.

Scren Formut The st'ructure or layoLut of a visual dirplay, e.g., column text format
(narrative), tabular, divkl,,d Into protected and unprotected areas, etc.

~E-
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Simplicity - A system contains the quality of simplicity to the extent that Itrormation
presented to the oper-ator or entered by the oparator is grouped into short, readily
understandable structures,

Suftwsre - The term for all programs that run on the computer.

System - Computer plus printer-CRTs-modems plus software.

Tebular Display - Data presented in row/column format.

Trorminal - An input-output (I/0) device for transmitting or receiving data on a
communk-cation line.

Vordable - A quanti~y ti;at can assume any of a given set of values.

Varishle Function Key A function key that is readily changeable, e.g., keys that are
displayed electronically on a CRT.

Workload Reasonability - A system has a reasonable workload to the extent that the
tasks requirod by the operaior are within the operator' capability and require the
operator to perform a useiul, meaningful role.

E1
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APPENDIX F

APPLICABLE DOCUMENTS

This appendix contains references to applicable documents which present test criteria
and methods. It is recommended that the test activity obtain additional documentation
depending on the types of HFE testing anticipated. The documents listed under the topic
Al HFE have wide applicable to many HFE tests. Other references are applicable to
specific test types.

"ToPs are available from the Defense Technical Information Center (DTIC), Defense
Logistics Agency, Cameron Station, Alexandria, VA, 22304-6145. Other TECOM
documents are available from TECOM Headquarters. Federal and military specifications,
standards and handbooks are avalable from the Naval Publications and Forms Center
(ATTN: NPODS), 5801 Tabor Avenue, Philadelphia, PA 19120-5099. American
National Standards Institute (ANSI) and International Standards Organization (ISO)
documents can be obtained from the American National Standards Institute, Inc., 1430
Broadway, New York, NY 10018. Society for Automotive Engineers (SAE) duoci.ments can
be obtained from the Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096-0001.
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All HFE Tests

MIL-STD-1472D Human Engineering Design Criteria for Military Systems,
Equipment and Facilities

MIL-HDBK-759A(MI) Human Factors Engineering Design for Army Materiel
(Metric) with Change Notices 1 and 2

TOP 1-1-059 Soldier-Computer Interface

AR 602-1 Human Factors Engineering Program

TECOM Regulation 70-24 Research Development and Acquisition - Documenting
TECOM Testing

TOP 1-1-012 Classification of Deficiencies and Shortcomings

TECOM PAM 602-1 Questionnaire and interview Design (Subjective Testing
Techniques)

AMC Regulation 70-13 Test Incident and Related Reporting

AR 602-2 Manpower and Personnel Integration (MANPRINT) in Materiel
Acquisition Processes

TECOM Regulation 70-5 Use of Soldier Operator-Maintainer Test and Evaluation
(SOMTE) Personnel in Technical Testing

DARCOM PAM 706-103 Engineering Design Handbook - Selected Topics in Statistics I
with Army Applications

MIL-STD-12 Abbreviations for Use on Drawings, Specifications, Standards, and in
Technical Documents

MIL-STD-1280 Keyboard Arrangements

MIL-STD-490 Specification Practices

M!L-STD-1801 (USAF) User/Computer Interface

IF
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Noise Measurements

MIL-STD-1474B(MI) Noise Limits for Army Materiel

TOP 1-.2-608 Sound Level Measurements

SAE J88A Exterior Sound Level Measurement Procedure for Powered Mobile
Construction Equipment

SAE J366B Exterior Sound Level for Heavy Trucks and Busses

ANSI S1.4 Sound Level Meters, Specifications for

ANSI S1.11 Octave, Half-Octave, and Third-Octave Filter Sets, Specifications for

ANSI 36.1 Qualifying a Sound Data Acquisition System

TB MED 501 Hearing Conservation

ANSI S1.13 Sound Pressure Levels, Method for the Measurement of

MIL-A-8806 Acoustical Noise Levels in Aircraft, General Specification for

MIL-S-008806 Sound Pressure Levels in Aircraft, General Specification for

MIL-STD-1294 Acoustical Noise Limits in Helicopters

MIL-STD-740-1 Airborne Sound Measurements and Acceptance Criteria
of Shipboard Equipment

Temperature, Humidity and Environmental Control Tests

ISO 7243 Hot Environments - Estimation of the Heat Stress on Working Man, Based
on the WBGT index (Wet Bulb Global Temperature) International Standards
Organization

TB MED 507 Protection, Treatment and Cont.oi of Heat Injury

TCP 22-708 Vehicle Personnel Heater Compatibility

TOP 6-2-516 Adequacy of Shelter and Van-Mounted Lighting, Ventilation, Air
Coiditioning and Heating Equipment

TOP 10-2-068 Dehumidifiers

TOP 10-2-072 Heating Equipment

TOP 10-2-145 Air Conditioners

Visibility Measurements

TOP 3-2-812 Field of Vi.,on - Vehicles
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Speech Intelligibility Tests

ANSI S3.5-1969 Articulation Index, Methods for the Calculation of

Van Cott, H.P. and Kinkade, R.G. (1972) Human Engineering Guide to Equipment
Design. McGraw Hill

ANSI S3,2-1960 Monosyllabic Word Intelligibility, Method for Measurement of

TOP 6-2-242 Analog Single Channel Communication Trar..smitter and Receiver Tests

TOP 6-2-521 Engineering Irtelligibil'ty Testing of Voice Communication Equipment

Workspace Design and Anthropometry Tests

DOD HDBK-743 Anthropometry of US Military Personnel

Gordon, C.C., Churchill, T., Clauser, C.E., Bradtmiller, B., McConville, J.T.,
Tebbetts, I. and Walker, R.A. (1989). 1988 Anthropometric Survey of U.S.
Army Personnel: Summary Statistics Interim Report. United States Army Natick
Research, Development and Engineering Center, Natick, MA

MIL-STD-1333A Aircrew Station Geometry for Military Aircraft

TOP 2-2-802 Stowage

Alexander et. al. (1976). Effects of Encumbering Clothing, Personal Protective
Equipment and Restraints on Body Size and Arm-Reach Capability of USAF
Aircrewmen. Aerospace Medical Research Laboratory. Wright Patterson AFB

Kinkick C. M Anthropometry Handbook. US Army Tropic Test Center

Maintainability and Component Access Tests

MIL-STD-415 Test Provisions for Electronic Systems and Associated Equipment,
Design Criteria for

TOP 2-2-503 Maintenance (Vehicle)

TOP 6-2-504 Maintenance/Maintainability

SAE J925 Minimum Access Dimensions for Construction and Industrial Machinery

Information System Tests

MIL.HDBK-761A Human Engineering Guidelines for Management Information
Systems

O
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Training Assessment Tests

TOP 1-2-609 Instructional Material Adequacy Guide and Evaluation Standard
(IMAGES)

TOP 7-3-501 Personnel Training / Tra~ning Evaluation

TOP 10-2-501 Operator Training and Familiarization

Workload Assessment Tests

Aldrich, T.B., Craddock, W. & McCracken,J.H. (1984). A computer analysis to
predict crew workload during LHX scout-attack missions. Volume 1: Technical
Report. Fort Rucker, AL: U.S. Army Research Institute

Cuoper, G.E. & Harper, R.P. (1969). The use of pilot rating in the eva!uztion of
aircraft handling qualities (NASA TN-D-5153). Moffe,t Field, CA: NASA Ames
Research Center

Donnell, M.L. (1979). The application of decision-analytic techniques to the test
and evaluation phase of the acquisition of a major air system: Phase Ill.
(Technical Report PR79-6-91). McLean, VA: Decisions and Designs Inc.

Eggleston, R.G. & Quinn, T.J. (1984). A preliminary evaluation of a projective
workload assessment procedure. In Proceedings of the Human Factors Society
28th Annual Meeting. (pp. 695-699) San Antonio, TX: Human Factors Society

Hart, S.G. & Staveland, L.E. (1987). Development of NASA-TLX (Task Load Index):
Results of empirical and theoretical research. In Hancock, P.A. and Meshkati, E.
(Eds.), Human Mental Workload. Amsterdam: Elsevier

Lysaght, R.J., Hill, S.G., Dick, A.Q., Plamondon, B.D., Linton, P.M., Wierwille,
W.W., Zaklad, A.L., Bittner, A.C. & Wherry, R.J. (1989). Operator workload:
comprehensive review and evaluation of operator workload methodologies
Technical Report 851. Alexandria, VA: U.S. Army Research Institute for the
Behavioral and Social Sciences

Reid,G.B., Shingledecker, C.A. & Eggemeier, F.T. (1981). Application of conjoint
measurement to workload scale development. In Proceedings of the Human Factors
Societ) 25th Annual Meeting. Rochester, NY: Human Factors Society.

Vidulich, M.A. & Tsang, P.S. (1987) Absolute magnitude estimation and relative
judgment approaches to subjective workload assessment. In Proceedings of the
Human Factors Society 31st Annual Meeting. (pp. 1057-1061). Anaheim,
California: Human Factors Society.
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Cold Regions Equipment and Clothing Tests

TOP 1-1-003 Arctic Personnel Effects

TOP 8-4-006 Arctic Environmental Tests of CB Protective Clothing, Protiet;ve
Masks and Winterization Kits

TOP 10-2-509 Cold Regions Performance Test of Snowshoes

TOP 10.2-510 Cold Regions Envirunmental Protection and Durabil'ty Test of
Clothing

TOP 10-3-512 Cold Regions Environmental Test of Boot and Similar Footwear

TOP 10-4-004 Arctic Environmental Test of Rations

TOP 10-4-005 Arctic Environmental Test of Clothing and Sleeping Equipment

TOP 10-4-007 Arctic Environment Test of Skis and Snowshoes

TOP 10-4-008 Arctic Environmental Test uf individual Load-Carrying Equipment

TOP 9-4-006 Cold Regions Logistic Supportability Testing of Construction, Support
and Service Equipment

TOP 10-4-500 Arctic Preoperational Inspection, Physical Characteristics, Human
Factors, and Maintenance Evaluation

Tropic Conditions Equipment Tests

'TOP 1-1-054 Ground-to-Ground Target Detection in Tropic Forests

TOP 9-4-003 Construction, Support, and Service Equipment

TOP 10-4-003 General Supplies and Equipment

Packaging, Loading and Transportability Tests

TOP 1-2-500 Transportability

TOP 2-2-537 Cargo Loading Adaptability

TOP 10-2-211 Packaging and Containers

Erectability Test3

TOP 6-3-505 Emplacement, Action, and March Order
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Air Vehicles - Aircrew Station and Aircrew Equipment Tests

MIL-M-18012 Markings for Aircrew Station Displays, Design and Configuration of

MIL-STD-203 Aircrew Station Controls and Displays for Rotary Wing #.ir.r•fi

MIL-STD-250 Aircew Station Controls and Displays for Fixed Wing Aircraft

MIL-C-25050 Colors, Aeronautical Lights and Lighting Equipment, General
Requirements for

MIL-STD-850 Aircrew Stabtion Visual Requirements for Military Aircraft

MIL-S-18471 System, Aircrew Automated Escape, Ejection Seat Type: Geneial
Specifications for

MIL-STDo1247 Markings, Functions and Hazard Designations of Hose, Pipe, and
Tube Lines for Aircraft, Missiles and Space Systems

MIL-STD.783 Legends for Use in Aicrew Stations and on Airborne Equipment

MiL-STD-411 Aircrew Station Signals

MIL-L-5667 Lighting Equipment, Aircraft Instrument Panel, General Specification
for Installation of

MIL-L-25467 Lighting, Integral, Red, Aircraft Instrument, General Specification
for

M!L-STD.490 Specification Practices

MIL-STD-850B Aircrew Station Vision Requirements for Military Aircraft

TOP 7-2-085 Helmets (Aviation)

TOP 7-3-085 Helmets (Aviation)

TOP 7-2-086 Oxygen and Protective Masks (Aviation)

TOP 7-3-086 Oxygen and Protective Masks (Aviation)

TOP 7-2-087 Clothing (Aviation)

TOP 7-3-087 Clothing (Aviation)

TOP 7-2-095 Survival Equipment (Aviation)

TOP 7-3-095 Survival Equipmen, (Aviation)
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Troop Support Equipme:it Tests

TOP 10-2-021 Combat Uniforms and Protective Equipment

TOP 10-2-023 Individt,.al Load Carrying Equipment

TOP 10-2-036 Field Heating and Cooking Equipment

TOP 10-2-160 Sleeping Gear

TOP 10-2-175 Tents and Shelters

TOP 10-2-205 Clothing, Combat Vehicle Crewman

TOP 10-2-206 Body Armor

TOFP 10-2-207 Rations

TOP 10-2-209 Food Acceptance Surveys

Safety Tests

TOP ?-2-508 Automotive Safety and Health Hazard Evaluation

TOP 2-2-614 Toxic Hazards Tests for Vehicles and Other Equipment

TOP 2-2-808 Field Shock and Vibration Tests of Vehicles

TOP 3-2-503 Safety Evaluation of Fire Control Systems - Electrical and Electronic
Equipment

TOP 3-2..504 Safaty Evaluation ot Hand and Shoulder Weapons

TOP 4-2-502 Safety Evaluation of Mines and Demolitions

TOP 4-2-503 Safety Evaluation - Close Support Rockets and Missiles

TOP 4-2-504 Safety Testing of Artillery, Mortar, and Recoilless Rifle Ammunition

TOP 7-3-506 Safety (Aviation Materiel)

TOP 8-2-553 Safety Evaluation - CB Items

TOP 10-2-508 Safety and Health Hazard Evaluation - General Equipment
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APPENDIX G

= METRIC/ENGLISH CONVERSION FACTORS

To Convert From: To: Multiply By:

Length Inches (in) Millimeters (mm) 25.4

Inches (in) Centimeters (cm) 2.54

Inches (in) Meters (in) 0.0254

Feet (ft) Meters (m) 0.3048

Millimeters (mrm) Inches (in) 0.03937

Centimeters (cm) Inches (in) 0.3937

Meters (m) Inches (in) 39.3700

Meters (m) Feet (ft) 3.2808

Area Square Inches (in2 ) Square Centimeters (cm 2 ) 6.4516

Square Feet (f12 ) Square Meters (m2 ) 0.0929

Square Centimeters (cm2 ) Square Inches (in2 ) 0.155

Square Meters (m2 ) Square Feet (fh2 ) 10.764

Volume Cubic Inches (in3 ) Cubic Centimeters (cm3 ) 16.3872

Cubic Feet (f,3 ) Cubic Meters (m3 ) 0.02832

Cubic Centimeters (cm3 ) Cubic Inches (in3 ) 0.061

Cubic Meters (in3 ) Cubic Feet (ft3 ) 35.3144

Force Ounces (oz) Newtons (N) 0.278

Pounds (Ib) Newtons (N) 4.4482

Newtons (N) Ounces (oz) 3.5969

Newtons (N) Pounds (Ib) 0.2248

Weight Pounds (Ib) Kilograms (kg) 0.4536

Kilograms (kg) Pounds (Ib) 2.2046

Torque Inch-Ounces (in-oz) Newton-Meters (N-m) 0.0071

Inch-Pounds (in-lbs) Newton-Meters (N-m) 0.113

Foot-Pounds (ft-lb) Newton-Meters (N-m) 0.0094

Newton-Meters (N-m) Inch-Ounces (in-oz) 141.603

Newton-Meters (N-m) Inch-Pounds (in-lbs) 8.65

Newton-Meters (N-m) Foot-Pounds (ft-lb) 106.383
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To Convert From: To: Multiply By:

Angle Arc Seconds (sec) Milliradians (mrad) 0.0048 5

Arc Minutes (min) Milliradians (mrad) 0.2909

Degrees (0) Radians (rad) 0.01745

Milliradians (mrad) Arc Seconds (sec) 206.28
Milliradians (mrad) Arc Minutes (min) 3.438

Radians (rad) Degrees (0) 57.3

Illuminance Foot Candles (ft-C) Lux 10.764

Lux Foot-Candles (fl-C) 0.0929

Luminance Foot Lamberts (ft-L) Candela./Meter2 ýcd/m 2 ) 3.4258

Candela/Meter2 (cd/m 2 ) Foot Lamberts (ft-L) 0.2919

To Convert From: To:

Temperature Degrees Fahrenheit (OF) Degrees Centigrade (°C)

_5
°C=9 (OF - 32)

Degrees Centigrade (°C) Degrees Fahrenheit (0F)

9
°F -" (°C) + 32
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The criteria contained In this document reflect those In effect
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in case of conflict.
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Part 1i. Appendix A - Sample Task Checklists Page

OPERABILITY
I, Vehicles

A Maneuvering ............................................................................. A - 2
B . A ir .......... ............................................................... .................... A - 9

. Non-Maneuvering ..................................................................... A - 15
1H. Weapons

A individual ............................................................................... A-22
B . C rew S erved ................................................................................ A -2 8

II1. Materiel Handlers
A Soldier Operated ........................................................................ A-34
B. Soldier-Monitored ...................................................................... A-48

IV. Electronics/Signals
A S e n so rs ................................ ............ ........................................ A -4 3
B. Information/Conmmand-Control Systems ............................ A- 55

V. Operationa! Support
A Maintenance & Repair Equipment .............................................. -62
B. Materiel Production & Environment Control ................ A-68

VI. Troop Suppol Equipment
A Consumables .............................................................................. A. 75

MAINTAINABILITY
I. V e hic le s ................................................................................... ........... A -8 4
I1. W eapo ns ......................................................................................... . . A - 8 9
I1l. Materiel Handlers ....................................... .... ................................ A-96
IV. Electronics/Signals .................................... A.- 103
V. Operational Support .......................................................................... A-1 09

"TRANSPORTABILITY ........................................................................................... A-i1 6

PORTABILITY/USABILITY (Clothing and Personal Equipment) ......................... A-1 22

E R E C T A B !LIT Y ....................................................................................................... A -1 2 9

H A B IT A B ILIT Y ....................................................... .......................................... A -1 3 4
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Part IL Appendix B - Sample Design Checklists Page

1. LABELS, MANUALS & MARKINGS ................................................................. B - 2
2. STEPS, LADDERS, PLATFORMS,

HANDHOLDS & RAILINGS ........................................................................... B- 1 6
3. DOORS, HATCHES & PASSAGES ..................................................................... B-29
4. EXTERNAL COMPONENTS ............................................................................... B-38
5 . C O N T R O LS .................................................................................................... B -4 7
6. SPECIAL CONTROLS ................................................................................... B- 14 7
7 . D IS P LA Y S ...................................................................................................... B - 1 5 5
8. SPECIAL DISPLAYS ........................................................................................ B-216
9. COMMUNZCATIONS ................................................. B-222
10. LINES, HOSES&CABLES .............................................................................. B-235
1 1. W O R K S P A C E .................................................................................................. B -2 4 4
12. FASTENERS & CONNECTORS ............... ................................ B-269
1 3 . H A N D L E S ...................................................................................................... B -2 7 9
14. OPTICS ...................................................... B-288
15. OPERATING ELEMENTS ................................................................................. B-296
1 6 . P A C K A G IN G ................................................................................................... B -3 0 7
17. ACCESSES, COVERS & CAPS ........................................................................... B-315
1 8 . M E A S U R E S ....................................................... ............................................ B -3 2 4
19. REPLACEABLE UNITS .................................................................................... B-328
20. TEST ELEMENTS & TOOLS ............................................................................. B-335
21. CLOTHING & PERSONAL EQUIPMENT ........................................................ B B-34 2
22. STRUCTURAL COMPONENTS ......................................................................... B-357

Part II. Appendix C - HEDGE Figures

C-i. Preferred Letter Format ............................................................................ 0-2
C-2. Preferred Numerical Format ................................................................... C-3
C-3. Other Acceptable Fonts ............................................................................... C-4
C-4. Airborne Noise Levels for Ship Compartments .......................................... C-6
C-5. Minimum Access Dimensions for Construction and Industrial

M a c h in e ry .................................................................................................... C -7
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TOP TOP
1-2-610 Appendix D So --

Part I Effionetsl Classify !he Part 11
Test Item

PROCEDUPES Efet pHEDGE

Step 2 Dsg
Determine the Checksitn

Applicable ChkLst

Specific CodItI Io ns,
TestSt~p4 7kask

Procedures identity/Anslyze Check Lists

step 5

StUFep 9~aylsSo
iIdentify Testg

Paret TeIpan~st

Steop 10

instro umnastionnle

S itepview

(iden'tityp Test

Ceuiemntros

Stop 12

Develop Test
Plan

Figure 1. Steps in Preparation for an HIFE Test
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1.0 STEPS IN PREPARATION FOR AN HFE TEST

Prior to using HEDGE to plan an HFE test, t tflwing for the tes_ item:

a. TECOM Independent Assessment Plan (lAP), Army Materiel Systems Analysis
Activity (AMSAA) :ndependent Evaluation Plan (IEP) or AMSAA Test Design
Plan (TDP)

b. System MANPRINT Management Plan
c. Technical Manuals
d. Required Operational Capability (ROC) and/or System Specification

To get copies of these documents, contact:

a. the Test Activity Test Director
b. the HFE counterpart in the RAM/ILS/HFE Division at TECOM HQ
c. the TD&E Officer at AMSAA
d. the Te3t or Assessment Officer at TECOM HO

Part 1l of TOP 1-2-610 is the Human Factors Engineering Data Guide for Evaluation
(HEDGE). HEDGE is intended to accompany Pait I of the TOP and to provide data.
references and guidance in conducting the test preparation steps described in Pall I. The
steps are as follows:

1. Classify the Test Item

2. Determine the Applicable Test Functions

3. Identify Use Conditions

4. Identify/Analyze Operator/Maintainer Tasks

5. Conduct Preliminary Human Factor's Engineering Analysis

6. Identify Design Test Criteria

7. Select Test Procedures

8. Develop Questionnaires and Interviews

9. Identify Test Participants

10. Identify Test Facility and Instrumentation Requirements

11. Identify Test Controls

12. Develop Test Plan

The test preparatior StE ps are shown in FIGURE 1. The left side of FiGURE 1 shows test
preparation steps for which TOP 1-2-610 Part I is the primary source of information
while the right side shows steps for which HEDGE is used. HEDGE is primarily applicable
to the following steps:

1. Classify the Test Item

2. Determine the Applicable Test Functions

4. Identity/Analyze Operator/Maintainer Tasks

6. Identify Design Test Criteria

5
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INDEX TOTest Functions

TEST ITEM CLASS / SUBCLASS
AND co

TEST FUNCTiONS

Test Item Test ItemW
Class Subclass Examples0 X I.

A. Mansuve~Ing Trucks, Boats, Landing Craft, lanks,

VEHILES . Ar Airplanes, Gliders, Heliccpt'irs '

if.___ Weapons, H;.nd Grenades- _ __

WEAPONS "towW e -rved Howitzerc, Mortars, W~Ssl Si9te-s, *
____________ Anti- Aircraft, Guns, Tamnk Moýunted Guns

C. Ammunition Sormbs, Artillery Rounds, Mines, Missiles
____________Demolition Explosives, Clip & Boet Ammunition

Il. A. Soldlor-Operate Cranes-, Boo6ms, Winches, Power Shovels,
MATERIE' _______ Hand, Trucks, ForA' Lifts, Sleds

__________ Monitored &. Distributi~on, Lisuid Loaders, Pressu~e (Oyli -nders -Z .- -

IV A. Sensows Radars, Mine Detectors. Range FindersProximity
ELECTRONIC S/ Detectors Sensors, Radiation & Chemical Sensors

SIGNALS .5Th~rmetlo-n/ Recor-ders, Infor-m-ation PV;9val ~a
SINAS Cornme nd-Control Systems, Amplifiers, Avionics, Data Prooessing *

-A-. 11IF&n-te one Hand Tools, Service I Lubrication Equipment,
Repair Eqimn inspection Devices, Pipeline Cleaners

V. 3. 7Niiiile; -Vnf-g7esses, Bak~eries, Machine Tools, Dust-

OPERATIONAL Produ*1tlon & Controllers, Dehimidifio,-s. Noise Attenuators
SUPPORT Environmental

C. aonra Erqcbon Kits, Portab ~ Sheltrs, 5 P icatoi
Constructioni Buildings, Towers, Antennas

____________ Itemsa__________

A. C -n eu-mablFe. - sa-if- Ointments

VI. EC .Cothing Protective, Rey~tlao
TROOP C. Personal Protective Equpmnent. Mes-A-M &-a & B FO acS.

SUPPORT -Equipment -Sleeping Gear, Entrenching Tools, Skis
ID. Uving Working Tents, Shelters, Vans

Figure 2. Index to Test Item CIa!?s/SubCI88s
and Test Functions
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2.0 HOW 1*0 USE HEDGE

2.1 Step 1 - Classify The Test ;tem Test Item Classes, Subciassos and examples
are listed in FIGURE 2. FIGURE 2 shows the major Classes and the Subclasses according
to which HEDGE is arranged. Identify the Test Item Class which best definas the Item you
are going to test. Then identify the Subclass which best defines the test item. Definitions
of Test Item Classes and Subclasses are provided below:

I. VEHICLES - Items that move p,•rsonnel or materiel from place to place,
A. Maneuvering - Items that use their own power on land or water.
B. Air - Items that move through the air.
C. Non-Maneuvering - Items that use a prime mover.

II. WEAPONS - Items that are userd in offensive or defensive combat.
A . Individual - Items that are used by a single soldier,
B. Crew Served - Items that are operated by two or more soldiers.
C. Ammunition- Explosive items used in weapons as well as those that are

complete weapons within themselves.

I11. MATERIEL HANDLERS - Items that distribute or move materiel.
A. Soldier-Operated Items requiring direct action by an individual for loading,

distributing or moving materiei.
B. Soldier-Monitored - Items in which the personnel function is limited to

initiating, monitoring and terminating the loading, distributing or moving of
materiel. The monitoring function will include verification and such
corrective action as may be required.

IV. ELECTRONICS/SIGNALS - Items used for transmitting, receiving, disseminating and
storing of information,

A. Sensors & Detectors - Items that detect the presence of metals,
electromagnetic or nuclear radiation, noxious gasses or other objects.

B. Information/Command-Control Systema - Iterns, used in the collection,
processing and presentation of data.

V. OPERATIONAL SUPPORT - Items used in construction, p-oduction and maintenance of
materiel, control of the environment, or performance of various troop and unit
support services.

A, Maintenance & Repair Equipment - Items used to assemble, maintain and
repair equipment.

B. Materiel Production & Environmental Control - Items used to control or
modify the environment.

C. Major Construction Itoms Oversized items rcquiring major assembly,

Vi. TROOP SUPPORT EQUIPMENT - Items primarily used for individual troop support and
subsistence.

A. Crinumabloe - Items eaton, drunk or medicinally used.
B. Clothing - hiums protecting the body under normal or eniqrgency conditions.
C. Personal Equipment - Items carried and/or used by an individual.
D. Living & Working Arens - Items used by personnel while working or relaxing.

7
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2.2 Step 2 - Determine the Applic~able Test Functions Test FUnctions
describe, In gonoral or at the top level, how tht2 test item is used. FIGURE 2 shows the
Test Functions which are often fe-ind ~o be app~cable to test itemns dep~ending un the~ Test
Item Class and1 S~bc~lass from Ste ' 1. HrInwever, the test item docurnent3!ion s;hoold be
reviewed o determinec il applicable 'iest H:un-ctions whether or not they are Indicated as
applicable In FIG'3JRE 2. Definitions of Thst Functions are provided below:

2.21 Q i1 ALLI. The puiposs of this test function is to dettermine the adeouda;y of -Vhe
operaior/machine interface to perform In cootormancce witn th~e requh~omsnts stated in
the military and technical characteristics and stardaird military specifications. 'The
emnphasis in Operability tepsting is on th6 adclquacy of the design for per'iormance of
operatur tasks involv'ed in the functioning of the test item for th? intende'd mission,

Tne Operability Test Furecticn addrecses, but is not liirntod to, tost itent compornrnts and
proceduresý ieeuired f'er:

a item se'k-up.

b. Inter--connection with other itUms.

c. Operational check-o-it.
d. Adjustments, calibration and 'verifying connections.

e. Gainirg access and egress.
f . Activation and deactiv'atio~n of item.
g. Performance of req~uired functions.

h. Accommodation of item and operator to applicable operating cond~tions.

2.2.2 MAI.LTAINU~ISIIY The purpose of this Test Function is to determine if the test,
item can be maintained under field coniditions at the level specified by the dirfeCtive. In
some cases the maintenance requirements will be precisely defined. In other%, you will
have to make this determination based on your familiarity with similar iteims. The
emphasis in Ma:ntainability tasting is on the adequjacy of the desig,-1 for performance of
maintainer tasks involved in diagnosis, unit replacement aod fault correction necessary
to maintain the functional status of the itemr.

The Maintainability Test Function addresses, but is not limited to, test item components
and procedures required for:

a Routine operator- pe rfo rmed preventive maintenance checks and tasks
(icheduled maintenarc~e).

b. Contingency tasks at the field uporator level (non-scheduled maintenance).

c. Detection of malfunctions.

d Troubleshooting.

e. Removal, repair and replacement of components.

2,2.3 I.BAN TABflIAJJ..Y The purpose of this Test Function is to evaluate the test itemi
for aiequacy of the human factors aspects of moving the Item by rail, air, water or land.
Many of the items tested by TECOM are tested for this aspect only (i.e. misisie trailers,
weapons, various types of electronic gear, etc.). Some of the hems which appear at first
to require or~y Transportability testing may be found to involve soldoer/item
interactions to which other test functions are applic~abl&. A line-haul test of a vehicle,
for example, may involve the engineering testing of operating 'ýomponents, but also
require that it can be driven and maintained during the test. If the item should be

8
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evaluated based on the ability of operators to drive It, then the Operability "esot Function
will al.so be applicable. Similarly, If the item should be evaluated for maintenance
ldesign, then tti? Maintainability Test Function will be applicable.

When the test is limited to those aspecis of an item which pertain to transporting It by
meaans other than Its own power, then the Transportability Test Function Is applicable
This addresses, but is not limited to lest iterm compunents and procedures for:

a Preparation of the item for transfer including crating, removal ot projecting
components, fastening down of loose elements avd installation of moving
blocks, braces pads, etc.

b. Attachment of cables, hooks, etc. to the item.

c. Pushing, sliding or lifting the item.

d. Fastening down of the item in the carrier vehicle.

2.2.4 .FP_•TABILTY/USABILLTL. The purpose of this Test Function is to determine
whether the item can be carried and used as designed by a fully encumbered combat
soldier and also to determine if it will interfere with the performance of other tasks
required of the soldier.

The Portab ity/Usability Test Function addrestses, but is iot limited to, test item
cornpcnerits and prcedire.5 for:

a Preparing the item for carrying hicluding disassembly, retraction of

elements, placement in carrying c.ase, etc.

b. Securing item on body via belt, pack, carrying case, etc.

c. Lifting and transporting item.

d. Performing required tasks with item attached to body.

e. Unloading item.

f. Use of item in a combat situation.

2.2.6 iEJ.J,.T..I. Tne purpose of this Test Function is to determine the adequacy of
the design of a test item for assembly under field conditions where the assembly function
is considered to be of primary importance. Examples incl,.Je bridges, pipelines,
prefabric3ted buildings and power sources. The Operablity Test Fur,ction may also be
applicpbie after the test item has been erected/assembled.

The Erectabiliiy Test Function addressss, but is not limited to, test item components and

procedures for:

a. Pre-erection alignment of p3rts.

b. Connection of components.

c. Sealing of joints.

o. Testing of Item ;ntegrity after erection.

e. Disassembly of item after use.

2.2.6 HABIABIL The purpose of ,his Test Function is to determine whether the
design of !lems such as tents, sheiters or buildings allows personnel inhabiting them to
live, work and mue about in the internal space.

9
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The Habitability Test Function addresses, but is not limited to, test Item components and
procedures for:

a, Moving about and carrying materiel.

b. Performing duties.

c. oesting, relaxing, eating and taking care of personal hygiene.

d. Providing life support and sustaining environment.

Table 1. List of Sample Task Checklists

OPER'ABILITY
I. Vehicles

A. Maneuvering
B. Ai?
C. Non-Mar'euvering

I,. Weapnns
A. Individual
B Crew Served

ill, Materiel Handlers
A. Soldiei-Operated
B. Soldiet-Monitered

IV, Electron is/SignaIs
A. Sensors & Detectors
B. Information/Command-Control Systems

V. Operational Support
A. Maintenance & Repair Equipment
B. Materiel Production & Environment Control

VI. 'Troop Support Equipment
A. Consumables

MA:N rAINABILITY
I. Vehicles
1I. Weapons
Ill. Mater.el Hfrndlers
IV. Electronics/Signals
V. Operational Support

TRANSPORTABILITY
PORTABILITY/USABILITY fClothing and Personal Equipment)

ERECTABILITY
HAB!TABILITY

i m 1i
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2.3 Step 3 - Identify Use Conditions Identification of conditions under which the
item may be operated and which may affect the evaluation is carried out using
considerations presented in section 3.3 of TOP 1-2-610 Part I. Appendix D of Part I is
particularly applicable in identifying environmental conditions which may affect
operator/maintainer performance.

2.4 Step 4 - Idertify/Analyze Operator/Maintainer Tasks One of the
primary objectives of HFE testing is to verify that design characteristics of the test item
are or are not adequate to support the intended use of the item. The intended use is best
specified by a set of tasks which the operator/maintainer will perform. Types of
Soldier/Item Tasks which are applicable to a particular test item can be identified using
the Sample Task Checklists contained in Appendix A of HEDGE as a point of departure.
Once the test item has been classified in Step 1 and the applicable Test Functions
identified in Step 2, the applicable Sample Task Checklists will follow.

Appendix A of HEDGE contains Sample Task Checklists which are organized by applicable
Test Function, Test Item Class and Subclass. Operability Task Checklists are organized by
Test Item Class and Subclass. Maintainability Task Checklists are organized by Test Item
Ciass only. Task Checklists for Transportability, Portability/Usability, Erectability and
Habitability are can be used for any Item to which these Test Functions are applicable
regardless of Test Item Class. The available Sample Task Checklists in Appendix A of
HEDGE are listed in TABLE 1. Those applicable to the test item should be identified based
on the Test Item Class and Subclass and on the applicable Test Functions.

Once a set of tasks has been defined for each of the applicable test functions, 1ask
Checklists can then be used to verify that the design is adequate for performance of the
task or that a human factors engineering problem exists for the task. Identification of
tasks to be analyzed begins with a review of the test support data package accompanying
the test directive and test item.

2.4.1 Task Identification and Analysis Sources of Soldier/Item Task information
may include any or all of the following:

a Contractor Task Analyses In some cases results of task analyses performed
by the contractor will be included in the test item data package, or
descriptions of tasks to be assessed may be provided.

b. Generic Soldier/Item Tasks Generic task names are identified in the Sample
Task Checklists in Appendix A of HEDGE. Tasks in the categories identified
will often be found to be associated with a test item in a particular class as
determined in Step 1 . The generic tasks, however, will need to be modified to
represent specific tasks performed in connection with the test item. Certain
generic tasks will not be applicable and will need to be deleted. Other item
specific tasks not addressed in the generic Task Checklists will need to be
added.

c. Test Item Ooerating and M4aintenance Manuals Test item technical manuals are
essential data in the identification of Soldier/Item Tasks. Frequently the
Generic Tasks from HEDGE Appendix A can be used to suggest potentially
applicable generic tasks which can then be changed to item specific tasks
using procedural information from the test item manuals.

d OQerator/Maintainer Experience Walk-Throughs and/or Talk-Throughs
with trained and experienced ope(ators/maintainers using the actual
equipment can serve as a valuable source of task information. This method can
be used as a primary source of task data In conjunction with other sources

11
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listed above or can be used to verity tasks and task characteristics identified
using the other sources.

At a minimum, all IiJLt and moderate criticality tasks shall be identified as defined In
paragraph 2.4.2, The test plan will be organized to verify suitability of design
characteristics for the performance of these tasks or to detect HFE problems In task
performance. All critical tasks shall be recorded on the Preliminary HF Analysis form
provided in Appendix A of TOP 1-2-610 Part I.

2.4.2 Task Criticality Definitions The criticality analysis is performed at
two ievels. The initial analysis is conducted to idenitify critical tasks or those which
must be included in the evaluation. The second level analysis is conducted to identify
performance requirements associated with the critical tasks. Task criticality is
classified at three levels: High criticality, Moderate criticality, and Low criticality. All
tasks are to be observed and those tasks which are judged to be of High or Moderate
criticality shall be included in the plan. The criticality scaling dimensions are as
follows:

2.4.2.1 High C'ticality A task is judged of High criticality if its performance or
failure to perform it properly results in: (1) hazardous or unsafe conditions for
personnel using, maintaining, or depending on the equipment, or (2) in the destruction
or impaired performance of a major tactical end item (missile, tank, vehicle).

2.4.2.2 Moderate Criticality A task is judged of Moderate criticality if its
performance or failure to perform it properly results in: (1) immediate or ultimate
failure of the equipment or component or immediate cessation of the operation;
(2) reduced usability or inefficient performance of a major component of the
equipment; or (3) unnecessary difficulty or significant loss of time to the
operator/maintainer.

2.4.2.3 Low Criticality A task is judged of Low criticality if its performance or
failure to perform has no substantial effect on the performance of the equipment or on
the safety of the operator/maintainer. It may result in minor degradation in subsystem
performance but no significant deg•adation in overall system performance.

2.4.3 Criticality Analysis When the critical tasks and task sequence have been

identified, an analysis shall be performed to determine:

a. Who performs the task?

b. What performance criteria apply to the task (time, rate, sequence, etc.)?

c. If controls and displays are involved?

d. What information input is required from other personnel?

e. What commands are required from other personnel?

f. Any potential errors associated with the task?

g. How the operator or HFE specialist knows that an error has occurred
(feedback)?

h. What environmental conditions (both climatological and technical or
equipment produced) may be expected to influence performance of the task?

i. What conditions specific to the operation will affect performance of ihe task
(body size, clothing, skill level)?

12
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2.4.4 Toilored Task Checklists As the soquence of iasks Is identified, a Task
Checklist appropriate to the Tea;t It6m Class and Subclass shall be completed. This
Involves d.ovelopirig an item-specific Omsk checklist from the appropriate generic
Soldier/Item Task Checklists in Appenmdix A of HEDGE, adding any other tasks judged to be
of high or moderate criticality and dieleting generic tasks found not -ppl~cabls to the test
Item. The Task Chock-list must bei compinted at this point in the planning pr~oss wo that
It can be used to Idenlhif potential problems and areas where further Investigation will
be requiired in the HFF trest.

2.5. Step 5 - Conduct Preliminary Human Factors Engineering Analysis
The Preliminary Humnan Factors Engineering Analysis Is conducted as described in
section 3.5 of TOP 1-2-610 Part 1.

2.6. Stop 6 - Identify Dosign Test Criteria Design crileria against which items
are tested are the standard HFE criteria. which specify limits of forces, dimensions,
workspace, noise, visibility constraints, weights, clearances,. arrangements, and
operational conditions. These criteria, derivea from MIL-STD-1472D and other
applicable military standards and spedifications, are contained in a set of Sample Design
Checklists which are included in Appendix B of HEDGE.

2.6.1 'in ~The Sample Design Check'ists serve two purposes. First,
they provide an in~1ex to the design criteria contained In MILI3TD-1472D and other HFE
documents. Second, the Design Checklists can be modified by deleting checklist items
which are not applica;)le to the test itemn and adding applicable checklist items. The item-
specific Design Checklists can then be used for data colleclion.

2.6.2 Qe,~ t IIiniliWnj The Design Che.-lists in
Appendix B of HEDGE are organized by Test Item Components and are listed in TABLE 2.
Definitions of the classes of components to which these checklists apply ate given below.

2.6.2.1 LAE~MNJLS&MRIG support identificatior, of components and
provide technical guidance in the form of written material, schematics, diagrams,
illustrations and instruction plates. They also inform the operatol/maintainer of
hazards and provide special guidance or instructions.

2.6..2 ~EE&~RS. LATFOIRMS--. HAD-LD V &11 R~NjS provide surfaces and
grasp points to accommodate trio user's feet and hands while climbing on and accessing
the test item and in transporting Icads. Wheels, hubs and siructural member's used for
foot surfaces while climbing are evaluwated as ladders. Docor handles, structural
members, etc. used for grppiflg or balance are evaluated as handholds.

2.6.2.3 QQR...J4T ES & PASSAGEZ provide a means foý- entering and leaving the
workspace or openings for koading or unloading maieriel. Csimponents arc evaluated for
both normal and emergency use. Some doors serve dual purposes and are also evaluated
as steps, romps or platforms.

2.6.2.4 EXT.EB _LQDŽ L~I& includes components outside of the cab or normal
working position which are involved In checkout and are necessary for operation,
loading, tiedown, etc. External components Include such thingps as fires, tracks, lights,
batteries, vent pipes, fill pipes, lost points, indicators, dip sticks, winches, starter
cranks, pulleys, material handlers, jacks, etc.

13
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Table 2. List of Sample Oes!gn Checklists

1. LABELS, MANUALS & MARKINGS

2. STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAILiNVS

3. DOORS, HATCHES & PASSAGES

4, EXTERNAL COMPONENTS

5. CONTROLS

6. SPECIAL CONTROLS

7. DISPLAYS

8. SPECIAL DISPLAYS

9. COMMUNICATIONS

1 0. LINES, HOSES AND CABLES

11. WORKSPACE

1 2. FASTENERS & CONNECTORS

1 3. HANDLES

1 4. OPTICS

1 5. OPERATING ELEMENTS

1 6. PACKAGING

1 7. ACCESSES, COVERS & CAPS

18. MEASURES

19. REPLACEABLE UNITS

20. TEST ELEMENTS & TOOLS

21. CLOTHING & PERSONAL EQUIPMENT

22. STRUCTURAL COMPONENTS

2.6.2.5 .ONTBQLS includes components used to activate, deactivate and modify the
equipment power and to modulate the operating elements. Control are manipulated by
operators/maintainers to change the state of item components or 'o increase/decrease
system output. The CONTROLS checklists address controls in general and specific types of
controls such as rotary switches, toggle switches, joysticks, levers, pedals, keyboards,
etc. Controls evaluated are those associated w'th the test item, n=t with equipment placed
on or in it.

2.6.2.6 SPECIALE CONTOLS includes controis for special purposes which are used only
on specific equipment and which are an addition to the normal complement of controls.
They are associated largely with &'rcraft.

2.6.2.7 QJ5_ELAjZ are components that provide visual and auditory information to the
operator concerning the status of operation. Displays also provide Indication of
equipment malfunctions. The DISPLAYS checklists address displays in general and
specific types of displays such as transilluminated displays, CRrs, counters, etc.
Displays evaluated are those associated with the test item, MI., with equipment placed on
or in it, 4

14
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21.6. 2.8 lipLLA~Y~ inludes displays for special purposes which are used on~y
AIR&on specific equipment and which are an addition to the normal complement of displ ays.

They are, associated largely with aircraft.

2.6.2.9 C1MM[MQwALN~ includes devices and techniques for exchange of information
between soldiers who constitute the crew of lihe test item, betwien lli,'e crew and
arternally located inc~viduals, and betwteon the crew arid remotely lok~ated parsonnel.
Aritennas are included where applicable.

2.6Z210 L are an), cables, wirez&, lines, hoses, pipes, vents,
etc. that pass to or front the test liter as well as plugs, sockets, connectors, quick.
disiconnect fittings, etc. fo,- the azbove ComponenltS used for transport as well as those for
opcration WrOicudd

2J3.2 11 is the airba wilHin which the -user operates/mnaintains the test
item. This ýncludes space for controls, displays, optics, electronic devices, weapons, and
windows arv well as standring areas, consoles, and seats. Workspace includes provisions
for srage of and access to documentation, excess clothing, porsonal gear, weapons,
tools, and eiquipment used occas~orially. Where applicable, workspaze also includes life
support and protecti;,n of the operatorimnaintainer from adverse environmental effects.
The WORKSPACE checklists address workspace design features in general as well as
specific topics such as consoles, seating, noise, lighting, etc.

2.5.2.12 ,A3T FP& N N.E L.QL5R are securing devicris used to assemble, package, or
hold equipment in place. 'These include catches, hooks, screws, bolts, nuts, latches which
are quick- release or tool-operated, arid fastener and connector alignment and locking
devices such as lock pins, safety wires, pins, nuts, electrical plugs, arid fittings.

2.6.2.13 LŽj~JDLE-_ are components used to grasp, hold, grip, or heft an equipment item
for lifting, moving, steadying, or aiming whether the component was specifically
designed as a hand~e or serves some other purpose and is only used incidentally as a
handle. Where components not speciftcally designed as handles are used as handles, they
should be evaluaied as hand~les including the provision of suitable non.-slip surfaces.
Lack of handles where they are needed is also an HEE concern.

2.6.2.14 QEJQ are components 'Jhat aid the human eye fur sighting, aiming, or
viewing. This includes eyepieces, reticles, filters, sighting mne(hanisms, range finders
and viewers, but does not include visual displays.

2.6.2.15 QU5ATHjJ~fjEL MjUT, are c~omponenwts which dii'ectly initiate or terminate the
operafioin of the test item, This includes triggers, fuses, cranks. etc. but dtoes not include
controls as such aithough the applicab~e criteria overtap.

2.6.2.1 S PAGZKA~j.U.~ includes comnponents used as eqUipment containers foi storage or
transportation such as cartons, packing cases, boxes, bags, and covers that are not part
of the lest Rtem but are used to stoe or transport it. It -,,so includes carryicig cases,
protective covers, and storage boxes specifical'y designed for ihe equipment item as part
of the Item configuration.

2.6.2.17 ACEaSE,9. COVERS &_CcAPS includes openings in a lest item that allow
manipulation of controls, connection/disconnection of fasteners or connectors, visual
checking of displays or components utilizing test points, and inserting or removing
ma.terials. Coverings, if any, of access openings are included.
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2.6.2.18 M.Jd•.S.U..$. Includes measuring devices such as spoons, contairers, scales, etc,
that are used to determine a specitiod amount of material,

2.6,2.19 BEJ.A..AB1_L.AU addresses reservoir fill points and drains/vents for
lubricants, fuel, hydraulic fluid, other liquids, air gasses, etc. It inln udes filters for
air, fuel, oil etc. as well as electrical and electronic parts which require frequent
replacement such as bulbs, fuses, modules, etc,

2.6.2.20 Ii.L_•ME..&J. .T.QDLi, are common and special purpose tools and test
instruments used for assembly, adiustment, calibration, alignment, etc. This includes
special maintenance equipment such as lubrication points, pouring spouts, filter tubes,
nozzles, etc.

2.6.2.21 C.l OTHING & PERSONAI..LE AJMM includes:

a a.Q.•t.ea. includes clothing such as shirts, trouseis, under-garments,
jackets, protective clothing (raiu, cold, NBC), and specialized apparel of
various types.

b. 8 Includes helmPts, fatique arnd field caps, uniform hats and caps,
head nets, NBC arid rain covers, ,afuty helmets, arctic hoods, and other
special head gear.

c. H::•ear includes wetlcold and arctic gloves and mittens as well aý spe'ial
purpose (anti-contact) gloves required for electrical o.- chemical ptotection.

d. En..t.wear includes standard combat boots, anti-mine or spike boots, dress
shoes, waterproof and arctic boots, soft shoes (sneakers), socks, stockings,
and shoe/boot inserts,

e. Personal EQuipme.j includes sleeping gear such as sleeping bags, covers,
blankets and air mattresses.

f. Combat Hardware includes web equipments carried on 'he body to contain or
protect other items, packs, pack frames, harnisse3, weapons and slings
ammunition cases or magazines, first aid kits, binoculars, entrenching tools,
field telephones, hygenic items, flashlights, gas macks, cante3ns, axes,
compasses, goggles, life preservers, etc.

2.6.2.22 .•TRUCTURAL COMPEN_._Ja are initia3ll separate items that must be connected
with other components to form sub-asserrblies. This incIdes such things as single
girders, poles, pre-assembled motorized units, doors, pipe sections, tents, etc.

2.6.3 I Chechgst_ I ý& ý. Desi0n Checklist3 are provided for the
classes of Test Itern Comporents shown in TADLE 2. Identification of the Design
Checklists which are applicable to a test item is done using FIGURE 3. FIGURE 3 shows
the Design Checklists from TABLE 2 as iows and the combinations of Test Funclions and
Test Item Class as columns. Applicability of Design Checklists to each Test Funvction -Ind
Test Item Class is indicated in FIGURE 3. FIGURE 3 should be used as a guk.•. Based on the
Test Item Class and applicable Test Functions from Steps 1 and 2, the Indic~ated Design
Checklists are often applicable. This may or may not be the case for a porticular tesk
item, however. Design Checklists indicated in FIGURE 3 may not be applicable and Das~gn
Checklists not indicated in FIGURE 3 may be applicable.
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Components of the test item and functions of the test item should be reviewed to establish
the applicability of Design Checklists. Task Checklists selected in Step 4 may also be
useful since generic components of test item components are often included in the task
descriptions. The column headings in FIGURE 3 are the same as the list of Task Checklists
in TABLE 1 and applicability of a given Task Checklist will often suggest that the Design
Checklists indicated in the corresponding column of FIGURE 3 will be applicable. For
example, if a test item is a crew served weapon, the Sample Task Checklist for
OPERABILITY - Crew Served Weapons will generally be applicable. One of the Design
Checklists indicated in the OPERABILITY - Crew Served Weapons column of FIGURE 3 is
Controls so the Controls Design Checklist will generally be applicable to a crew served
weapon.

2.6.4 References to MIL-STD-147Z, Design Checklists are provided for classes of Test
Item Components. Within a particular Design Checklist, items are grouped according to
HFE Considerations. Where a Design Checklist item is based on requirements of MIL-
STD-1472D, a reference is provided to the appropriate paragraph in MIL-STD-1472D.
If a Design Checklist item does not contain a paragraph reference, then it was taken from
HFE sources other than MIL-STD-1472D and is provided for purposes of guidance.
Where a MIL-STD-1472D reference is included, the referenced paragraph in MIL-
STD-1472D should be consulted to determine applicability and to obtain detailed
information on which to base a decision on design adequacy of the test item.

2.6.5 Design Checklist Data Data are gathered by using the checklists at each work-
station or maintenance position. Indications of whether component design is adequate or
inadequate on specific criteria are recorded. If the test item component is judged to be in
compliance with the checklist item then the design is Adequate arid the YES column is
checked. If the component is not in compliance with the item then the design is
Inadequate. The NO column is checked and the Comments column (and additional pages if
necessary) is used to characterize the design problem.

2.6.6 Human Factors Considerations Each Design Checklist associated with a particular'
test item class is organized into sections which correspond to Human Factors Engineering
Considerations defined as follows:

a Functignalit Functionality considerations refer to functional and structural
aspects of a component as these relate to human use. One aspect of
functionality is the suitability of the type of component provided (as opposed
to some other type) for the intended use. Functionality considerations are
directed particularly at controls and displays. Certain types of controls
(toggle switches, legend switches, discrete rotary controls etc.) may be
preferred for certain types of control functions. Functionality would refer to
the suitability of the control type aelected by the designer for the function in
question. Other aspects of functionality include presence/absence of design
features which facilitate or degrade operator performance and component
construction/materials as these relate to human use.

b. Location and Arrangement Location and arrangement considerations refer to
the positioning of a component as it affects the ability of the operator to
reach, operate or manipulate it. Location and arrangement considerations
Include location of openings (accesses), cover and door operation, location of
controls and displays relative to operator reach constraints, logical
positioning of controls and displays based on use, and co-kIoation of relatcd
components.
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*c. 5ie and Sha Size and shape considerations refer to the maximum and
minimum dimensions and configuration of components for human use. Size
and shape includes dimensions of components relative to arithropometric data,
dimensions required for use while wearing special clothing, and the shape and
contour of handles, controls, handholds, etc. to enhance both Identification and
use of the component,

d. Direction and Force Direction and force considerations refer to dynamic
properties of components which are moved by operators in the 0ourse of use,
Direction considerations focus on movement of controls relative to user
expectations and to related displays. Force and resistance of controls affect
their proper manipulation, and force required to operate or move components
is constrained by human strength capabilities.

e. Ciaraa and.•..Sep.aation Clearance and separation considerations refer to
the unobstructed space surrounding a compunent which allows the
operator/maintainer to access the component. In operability functions, the
emphasis is on separation betwe'en adjacent controls and between controls and
surrounding structLres. In other functions such as maintainability and
erectability, emphasis is on clearance and access to comoonents. Where
appropriate, clearance and separation consider3tions are put forth for
operators/maintainers wearing gloves, mittens, or other protective
equipment.

f. Visibiiitv and Identification Visibility and identification considerations
addiess those aspects of a component which affect the ability of the
operator/maintainer to visual~y access the component, to localize it, and to
identify it. These considerations include location, size, shape, color,
contrastviewing distance, reflectance and illumination.

g. Use Conaitions Use conditions refer to features of the item which affect
usability and/or maintainability given the environmental and mission
conditions Linder which the item will be used and characteristics of the user.

h. Safety Safety consideation3 refer to aspects of a test item which could cause
injury to the operator/maint3iner or to other personnel including
preventative aspects for inclement weather or reduced visibility and
accidental contact with electrical, thermal, chemical, radiation or
pressurizat~on hazards.

.Qperating Prcedures Procedural considerations address operational and
information aspects of a test item such as those found in operating and
maintenanc6 manuals, checklists, training materials, job aids or trouble
rshooting guide- including hazard warning information.

2.6.7 Tailored De.i. cl is.,,Jh, As the applicable Design Checklists are identified,
these should be modified to produce Design Checklists which are appropriate to the Test
Item Class and Subclass. This involves developing item-specific Design Checklists from
the sample Design Checklists in Appendix B by deleting checklist items which are not
applicable to the test item and adding applicable checklist items.

0
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2.7 Steps 7-12 After test preperation steps i through 6 have bean crompletecd using
HEDGE as applicable, Steps 7 through 12 of the HFE test preparation process are
zoomplished using the appropriate sections of TOP 1-2-610 Parl I.

0
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APPENDIX A

SAMPLE TASK CHECKLISTS

This appendix presents a series of s Task Checklists covering the twenty-one Test
Function/lIem Class/Subclass comnbinations listed in Figure 3 of HEDGE. These
checklists should not be used verbatim. Inappropriate items should be deleted and
appropriate items should be added where necessary.

OPERABILITY

I . Vehicles
A. Maneuvering A-2
B. Air A-9
C Non-Maneuvering A- 15

Ii. Weapons
A. Individual A-22
B. Crew Served A-28

11. Materiel Handlers
A. Soldier-Operated A-34
B. Soldier-Monitored A-41

IV. Electronics/Signals
A. Sensors & Detectors A-48
B, Information/Command-Control Systems A-55

V, Opeiational Support
A. Maintenance & Repair Equipment A- 62
B. Materiel Production & Environment Control A-68

VI. Troop Support Equipment
A. Consumables A-75

MAINTAINABILITY

I. Vehicles A-82
I1. Weapons A-89
II1. Materiel Handlers A-96
IV. Elcctronics/Signals A- 103
V. Operational Suppon A-109

TRANSPORTABIUTY A- 116

PORTABILITY/USABILITY (Clothing and Personal Equipmen'l) A-122

ERECTABIIrTY A-129

HABITABILITY A-134

A-1
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TASK CHECKLIST

OPERABILITY I A

Vehicles - Maneuvering

UnctiounL Subuncto 9b ..yL EAU

Gain Aocess/Egrmss Climb Up/Down Climb A-3
Gain A.cessiEgress Opern/Close Open A- 4
Prepare for Operation Checkout Check A-5
Prepare for Operation Take/Leave Position Take A-6
Operate Start/Moritor/Stop Strt A-7
Operatc. Control Direction/Speed Cont A- 8

0
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TASK CHECKLISTY

Test Fu:nctlon Checklist OPERABILIrY I A

Item Class - S.jbclas: VehIcvlss - Maneuvoringi

Function i~min ccesv!Egress

Subfunctlon Climnb Up/fl)own

SToot Title

Tt ProjOct No. "St.

Scliv.'/ltem Tasks IYESI NON/A Comment

1, Mo,,nt steps, ladde~s, o'; ranrp.

2. (Ise tires, hubF, or ,stiuctural
members fov mount i~.

3. Use handholds or railio•gs.

4. -ai ry load! while ascanding and
descencding.

5. Raise load to step/platforrni.

6. Read and ubservp warning and
inst.uction labe!s.

YES = Adequate NO Inadequate N/A Not Applicable

A-3



15 May 1990 TOP 1-2-610

'TASK. CHECKLIST

Srie t Fonction C :ieukll.• O PERA BILITY I A

Item Clss Subclass Vehicles - Maneuvering

Fa.-nctIon Gain Access/Egress

Subfunctl)n Open/Close

Abbreviation Open

Soidler/Itom Tasks YES NO N/A Comment

7. Grasp 6oor handle.

8. Unlock or lock door latch.

9. Unlatch or latch door.

10. Push or puli door open or
closea.

11. Use handhcod

YES = Adequate NO = Inadequate N/A Not Applicable

A-4



15 May 1990 TCP 1-2-610

TASK CHECKLIST

O Test Function - Checklist OPERABILITY I A

Item Class - Subclass Vehicles - Maneuvering

Function Prepare for Operation

Subfunction Checkout

Abbreviation Check

Soldier/Item Tasks YES NO N/A Comment

12. Visually inspect external operating
components.

13. Verify adjustments, structural
integrity, and operational
readiness.

14. Follow published procedures where
applicable.

15. Input test signals to displays;
read and interpret results.

1 16. Determine control readiness.

17. Set controls.

YES = Adequate NO Inadequate N/A Not Applicable

A-5



15 May 1990 TOP 1-2-610

TASK CHECKLIST

'Test Function - Checklist OPERABILITY I A

Item Class - Subclass Vehicles - Maneuvering

Function Prepare for Operation

Subfunction Take/Leave Position

Abbreviation Take

Soldier/Item Tasks YES NO N/A Comment

1 8. Step through entry.

19. Take or leave seat.

20. Doff or don c:othing items.

21. Place clothing, tools, weapons, etc.,
into storage area.

22. Adjust seats, windows, belts, and
mirrors.

23. Adjust seat belts and shoulder
* harness.

YES = Adequate NO = Inadequate N/A Not Applicable

A-6



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY I A

Item Class - Subclass Vhicles - Maneuvering

Function Operate

Subtunction Start/Monitor/Stop

Abbreviation StFt

Soldier/Item Tasks YES NO N/A Comment

24. Remove restraints (wheel chocLks,
dock lines, etc.).

25. Read labels.

26. Preset operating controls
(choke, throttle, gearshift, etc.).

27. Activate vehicle.

28. Check displays,

29. Manipulate ccrntrols.

30. Communicate with crew members
arid/or passenoers.

31. Perform post-operational check
(follow procedures if applicable).

YES - Adequate NO Inadequate N/A Not Applicable

A-7



15 May 1990 Tor, 1-2,i0

TASK CHECKLIST

Test Function Checklist OPERABILITY I A

Item Cions - Sabciss Vehk-lee - Maneuvering

Function Operate

S bfunctIon Control Direction/Speed

Abbraviation Cont

Soidier/item Tbsks YI A Comment

32. View external condiions by
means of mirrors and wind:wz,.

33. Cneck maps and charts.

34. Identify destination and route.

35. Operate steering control.

36. Oper2te directiunal control.

37. Operate speed control.

38. Operate 3nvironment controls.

39. Operate lighting controls.

40. Operate vicibility controls.

41. Avoid obstacles.

42.. Communicate with crew/other
vehicles/command post.

I I -A

YES = Adequate NO = Inadequate N/A = Not Applicable

*A-8



15 Mey 1990 TOP 1-2-610

TASK CHECKLIST

OPERABILITY I B

Vehicles - Air

Eua;~IJ= k uIk~tuJlQZL kýMILQfl&~ A~ R1?1i

Gain Access/Egress Climb Up/Down Climb A - 1 0

Gain Access/Egress Take/Leave Position 'Take A - 11

Perform Flight Operations Checkou/Fly Check A- 1 2
Perform Flight Operations Intercept Targets Intercept A-i 3

Perform Flight Operations Perform In-Flight Missions Mission A - 14

A, 9



15 May 1990 TOP 1-2-610

TASK CHECKLIST

O Test Function - Checklist OP -RABILITY 1 B

ftem Clses - Subclass Vohi'lks Air

Function Gain Access/EgreAs1

Subfunctlon Cflmb Up/Down'

Abbreviation ClI"mb

Test Title

Test Project No. oats,

Soldier/Item Tasks YES NO Cor,'ment

1 . Mount steps or portable ladders.

2. Use structures for mounting.

3. Use handholds and railings.

4. Carry loads.

S5. Read labels and warnings.

YES = Adequate NO Inadequate N/A = Not Applicable

A- 10



15 May 1990 TOP 1-2-610

TASK CHECKLIST

, Tesl Function - Checklist OPERABILITY I B

Item Class - Subclass Vahicies - Air

Function Gain Access/Egress

Subfunction Take/Leave Position

Abbreviation Take

So!dler/ltein Tasks YES NO N/A Comment

6. Open or close door or canopy.

7. Prepare entry,

8. Access seat a:ea.

9. Enter seat.

10. Conned or disconnect G suits,
cables, oxygen lines, restraints,
etc.

11. Adjust seats and restraints.

12. Adjust visors.

1 3. Remove cr install safety pins.

YES = Adequate NO = Inadequate N/A Not Applicable

A-11



15 May 1990 TOP' 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERADULITY ! B

Item Class - Subclass Vehicles Air

Function Perform Flight Operations

Subfunction Checkc, ut/Fly

Abbreviation Check

Soldier/Item Tasks YES NO N/A Comment

14. Perform static check.

15. Perform dynamic check.

16. Taxi.

17. Takeoff,

18. Read displays.

19. Cruise.

20. Approach.

21. Land.

YES = Adequate NO = Inadequate N/A Not Applicable

SA- 12



15 IPy 1990 TOP 1-2-610

TASK CHECKLIST

STest Function - Checklist OPERABILITY I B

Item Class - Subclass Vehicles - Air

FFun, ction Perform Flight Operations

Subfunction Intercept Targets

Abbreviation Intercept

Soldier/Item Tasks YES NO N/A Comment

22. Detect target.

23. Locate target.

24. Track target.

25. Monitor spatial relationships.

26. Identify target.

27. Perform intercept.

28. Read weapon display.

0 29. Select weapon.

YES = Adequate NO Inadequate N/A Not Applicable

A-13



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function Checklist OPERABIUTY 1B

Item Class - Subclass Vehlk;e- Air

Function Perform Flight Operations

Subfunction Perform In-Flight Missions

Abbreviatlon Mission

Soldier/Item Tasks YES NO N/A Comment

30. Remain on station.

31. Perarrm ELINT.

32. Perform ECM, ECCM.

33. Attack.

34. Evaluate effects of attack.

35. Communicate.

-- - -

YES = Adequate NO Inadequate N/A : Not Applicable

A- 14



"15 May ",ggo TOP 1-2-610

TASK CHECKLIST

* OPERABILITY I C

Vehicles - Non-Maneuvering

EanrALQxIL UIJ140au~i6b remtiyijon P"g

Propare for Use Loa/Untoad Materiel L A - 6
Prepare for Use Set Up for Use Set Up A- 1 7
Connect/Disconnect Engage Prnme Mover Eng A - 1 8
Connect/Disconnect Verity Operational Status Ver A - 1 9
Utilize Gain Access/Egress Ax A-20
Utilize Use as Workspam. Work A-21

SA- 15



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY T C

Item Class - Subclass Vehicles - NonrManeuvering

Function Prepare for Use

Subfunction LsodiUnioad Materiel

Abbreviation Load

Ts Title

Test Project No. Doat

Soldier/Item Tasks YES NO WNiA Comment

1. Mate loading position with loading
device.

2. Open or close cargo doors.

3. Lower or raise platform or ramp.

4 Mount steps. etc.. with load.

5. Pass load up to platform or
entryway.

6. Transfer load to storage area

7. Secure load in or on item.

YES = Adequate NO Inadequate N/A : Not Applicable

A-16



15 May 1990 TOP 1-2-610

TASK CHECKLIST

T at Function - Checklist OPERABILITY I C

Rl~om Clie - Subclass Veh!cles - Non-Msneuvering

Function Prepare for Use

Sublunction Set Up for Use

A bb rev ltion Set Up

Soldier/Item Tasks YES NO N;A Comment

8. Transfer item to destination with

prime mover.

9. Install permanent equipment.

10. bsoc• or lock wheels.

11. Level item.

12. Attach temporary steps or stairs.

13. Connect powerlines, cables, and
troses.

1 4 Deploy expandable units.

YES = Adequate NO Inadequate N/A = Not Applicable

A-17



15 May 19g0 TOP 1-2-610

TASK CHECKLIST

Tout Function - Checklist OPERABILITY I C

Item Class - Subclass Vehicles - Non-Maneuvering

Function Conntoct/Disconnect

Subtunction Engage Prime Mover

Abbreviation Eng

Soldiar/Item Tasks YES NO N/A Comment

15. Co)nnect lines or hoses from mover

to item.

16. Prepare hitch or connection.

17. Align and mate prime mover and
item.

18. Fasten or connect prime mover and
item.

0

II

*YES Adequate AD= hmltlaquate N/A-tNut Applicable

A 8



15 May 1990 TOP 1-2-610

TASK CHECKLIST

. Test Function - Checkilst OPERABILITY I C

Item Class - Subclass Vehicles - Non-Maneuvering

Function Connect/Disconnect

Subfunction Verify Operational Status

Abbreviatlon Ver

Soldier/Item Tasks YES NO N/A Comment

1 9. Inspect hose and cable connections.

20. Manually and visually verify
connection tightness.

21. Tighten and adjust connection.

22. Inspect external operating
components.

23. Read labels.

mm

YES = Adequate NO I inadequate N/A : Not Applicable

A-19



15 May 1990 TOP 1-2-610

TASK CHECKLIST

0 Test Function - Checklist OPERABILITY I C

Item Class - Subclass Vehicles - Non-Manati.vering

Function Utilize

Subfunction Gain Access/Egress

Abbreviation A.,-

Soldier/item Tasks YES NO N/A Comment

24. Set up removable stairs or ladders.

25. Climb steps and footholds.

26. Use handholds.

27. Open or close doors or hatches.

28. Pass through entryway.

S

SYES = Adequate NO I Inadequate N/A Not Applicable

A- 2 )



15 Maiy 1Q90 TOP 1,,2-610

TASK CHECKLIST

Test Functton - Checklist OPERABMILTY I C

Item Class Subclass VehicJes - Non-Maneuvering

Function Utilize

SubfunntIon Use an Workspace

Ajbbreviation Work

Soldle-/ttern Tasks YES NO N/A Comment

29. inhabit test item.

30. Move about.

3 1. Tske position.

32. Stow weapons, publications, and
cloth ing.

33. Communicate within/vithout
workspace.

34. Conduct operations.

YES = Adequate NO= Inadequate N/A Not Applicable

A-21



15 May 1990 TOP 1.2-610

TASK CHECKUST

OPERABILITY 11 A

Weapons - Individual

Prepare for IJse Pre-Operational Activities Pre-Op A-23
Pre•pare ,oi Use AssembleiEmplace Assem A 24
Prepare for U,,e Load/Prepare Prep A-25
Use Weapor Aim Aim A-226
Use Weapon Fire/Cease Firing Fire A-27

A-22



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Functlon Ch.cklist OPERABILITY II A

Item Class - Subclass Weapona - Individual

Function Prepare for Use

Subfunctlon Pro-Operational Activities
Abbreviltion Pre-Op

Ts Title

Project No. Date

----.

Soldier/item Tasks YES NO NiA Comment

1, Store in or on vehicle,

2. Unstow or unpack.

3. Pick up or put down.

4. Carry in hand.

5. Carry on body.

6. Field,strip.

7. Clean pans.

8. Mate parts.

9. Tighten connections.

10. Adjust slings.

YES = Adequate NO : Inadequate N/A = Not Applicable

A-23



15 May 1990 'sO ,;,. • U

TASK CHECKLIST

e Test Function Checklist •F5A8IL•" Ii A

Item Class Subclass W ~ dio!!

Function _prepare•_ _ us,!

Subfunctlon Aswemble/En. jlacAl

Abbreviation A "' ,I

Soldier/Item Tasks YES NO NiA Comment

11. Mate subassemblies.

12. Make connections.

13, Emplace.

14. Position for firing.

YES = Adequate NO Inadequate N/A Not Applicable

A-24



15 May 1990 'TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY II A

Itsm ,loss - Subchas Weapons - Individual

Function Prepare for Use

Subfunct:on Load/Prepare

AbbravlatlIn Prep

Soldier/item Tasks YES NO N/A Comment

1.r. Select ammunition.

16. Mate ammunition.

1 7. Activ;ate ammunition feed.

1 8. Ready sights and aiming aids.

19. Ready aiming and tracking aids.

20. Ready visual aids.

YES = Adequate NO = Inadequate N/A Not Applicable

A-25



15 May 1990 TOP 1-2-610

TASK CHECKLIST

. Test Function - Checklist OPERABILITY II A

Item Class - Subclass Weapons - Individual

Function Use Weapon

Subfunctlon Aim

Abbreviation Aim

Soldier/Item Tasks YES NO N/A Comment

21. Take firing position,

22. Position weapon for aiming.

23. Locate target.

24. Aim.

25. Communicate.

YES = Adequate NO Inadequate N/A = Not Applicable

A-26



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Fun.ilon Checkllit OPERABWLITY II Al

Item Class - Subclass Weapons - Individual

Function Use Weapon

Subfunction Fire/Cease Firing

Abbreviation Fire

Soldier/Item Tasks YES NO N/A Comment

26. Fire designated burst.

27. Alter aiming.

28. Continue to fire.

29. Commurnicate.

30. Monitor firing.

31. Verify effectiveness.

32. Safe weapon.
0

YES = Adequate NO Inadequate NIA = Not Applicablo

A-27



15 May 1990 TOP 1-2-610

TASK CHECKLIST

OPERABILITY 1! B

Weapons - Crew Served

Functio .u bf MM.LD n 1811013 EM

Prepare for Use Pre-Operational Activities Pre-Op A-29
Prepare for Use Assemble/Emplace Assem A-30
Prepare for Use Load/Prepare Prep A-31
Use Weapon Aim/Position tor Firing Aim A-32
Use Weapon Fire/Cease Firing Fire A-33

A-28



15 May 19t0 TOP 1-2-610

TASK CHECKLIST

, Test Funcion " - Chrklls OPERABILITY ii B

Item Class - Subclass Weapons - Crew Served

Function Prepare for Use

Subfunctlon Pro-Operational Activities

Abbreviation Pre-Op

Test Title

Test Project No. Date

Soldier'!tem Tasks YES NO N/A Comment

1. Uuipack or unstow.

2. Select modes of operation.

3. Periorm static checkout.

4. Perform cleaning.

5. Tighten connections.

6. Verify readiness.

YES = Adequate NO = Inadequate N/A = Not Applicable

A-29



15 May 1990 TOP 1-,-610

TASK CHECKLIST

Test Functlo i - Checklls2 OPERABILIrY II B

Item Clans Subclas;s Weapons - Crew Served
Function Prepare ;or Use

Suhfunction Assemble/Emplace

Abbreviation Assemi

Soldier/Item Tasks YES NO N/A Comment

7. Read instructions.

8. Mate subasspmblies.

9. Emplace weapon.

10. Identify ammunition.

11. Stabilize weapon.

1 2. Communicate.

YES = Adequlate NO Inadequate N/A = Not Applicable

A-30



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY II B

•'tamn Class - Subclass Weapons - Crew Served

Function Prepare for Use

Su bfu nctlon Load/Prepare
Abbreviation Prep

Soldier/Item Tasks YES NO IN/ A Comment

13. Select ammunition.

14 Ready ammunition.

15. Ready weapon for loading.

16. Load ammunition.

17. Verify loading.

18, Ready sighting and ranging devices.

19. Ready aiming aids.

20. Ready visual aids.

21. Ready sensors.

22. Ready weapon control system.

23. Rsady support systems.

YES = Adequate NO = Inadequate N/A = Not Applicable

A-31



15 May 1990 TOP 1-2.610

TASK CHECKLIST

Test Function - Checklist OPERABILITY II

Item Class - Subclass Weapons - Crew Served

Function Use Weapon

Subfunctlon Aim/Position for Firing

Abbreviation Aim

Soldier/Item Tasks YES NO N/A Comment

24. Position weapon for aiming.

25. Activate aiming aids.

26. Find target.

27. Lay on target.

28. Communicate.

YES = Adequate NO : Inadequate N/A = Not Applicable

A-32



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY II B

Item Class Subclass Weapons - Crew Served

Function Use Weapon

Subfunction Fire/Cease Firing

Abbreviation Fire

Soldier/Item Tasks YES NO N/A Comment

29. Determine when to fire.

30. Fire.

31. Alter aiming.

32. Continue to fire.

33. Communicate.

34. Monitor firing.

35. Verify effectiveness.

S36. Safe weapon.

37. Configure weapon tor
transportation.

YES = Adequate NO Inadequate N/A = Not Applicable

A-33



15 May 1990 TOP 1-2-610

TASK CHECKLIST

* OPERABILITY III A

Materiel Handlers - Soldier-Operated

Eunctli= aubuk1ncflif AbbriiyiiUn ED=

Gain Aocess/Egress Climb Up/Down Climb A-35
Gain Access/Egress Open/Close Open A-36
Prepare for Operation Checkout Check A-37
Prepare for Operation Take/Leave Position Take A-38
Handle Materiel Engage Load Eng A-39
Handle Materiel Lift/Move/Deposit Materiel L/M A-40

A

O A-34



'15 May 1S0 TOP 1-2-610

TASK CHECKLIST

T*0 Function - Che:kilst OPERABILITY Ill A

I Iten (•oas . Subclass Materiel Handlers - Soldier-Operated

Functlon Gain Access/Egress

Subfunction Climb Up/Down

Abbreviation Climb

Fest Title

"ITst Project No. Date

Soldier/Item Tasks YES NO N/A Comment

1. Mount steps, ladders, ramps, etc.

2. Use handholds.

3. Use footholds.

4. Carry load.

5. Lift or lower load to or from
platform or ledge.

6. Read instructions, labels, and
warnings.

A I -

YES = Adequate NO= Inadequate N/A Not Applicable

A-35



15 May 1990 TOP 1-2-610

'TASK CHECKLIST

Test Functlon - Checklist OPERABILITY III A
Item Cleas - Subclasq Materiel Handlers - Soldier-Operated

Function Gain Access/Egress

Subfunctlon Open/Close

AborevletIon Open

Soldier/Item Tasks YES NO N/A Comment

7. Grasp door handle.

8. Unlock or lock door latch.

9. Unlatch or latch door.

10. Push or pull door open or shut.

11. Us.e handholds.

YES = Adequate NO Inadequate N/A Not Applicable

A-36



15 May 1900 TOP 1.2-610
TASK CHECKLIST

0 _Teot Function- ChockfIst OPERADI.•ITY Ill A

Item Class - Subcass Materiel Handter3 - Soldier-Operoted

Function Prepare for Operationi

Subfunctlon Checkout

Abbreviation Che k

Soldier/Item Tasks jYES H "O IN/A Co-mr nf

12. Visually inspect external operating
components.

13. Verify adjustment, structural
integrity, and operational
readiness.

14. Input test signals to displays.

15. Read and interpret displays.

16. Determine control readiness.

17. Set controls.

18. Check load transport system.

1 9. Check load lift system.

YES = Adequate NO Inadequate N/A Not Applicable

A-37



15 May 1990 TOP 1-2-610

TASK CHECKLIST

!Test Ftinctlon - Checklist OPERABILITY III A

ý Item Clasz - Subchess Materiel Handlers - Soldier-Operated

Function Prepare for Operation

Subfunction Take/Leave Position

Abbreviation Take

SSoldier!Item Tasks YES NO N/A Comment

20. Step into/out of work area.

21. Take or leave seat.

22. Move to or from operating position.

23. Remove clothing items and
encumbrances.

24. Stow clothing/encumbrances.

0

YES = Adequate NO Inadequate N/A Not Applicable

A-38



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Teat Function - Checklist OPERABILITY IlI A

Item Class - Subclass Materiel Handler* - Soldler-Operaeted

Function Handle Materiel

Subfunction Engage Load

Abbreviation Eng

Soldier/Item Tasks YES NO N/A Comment

25. Activate item.

26. Position materiel handling device.

27. Orient roiateriel handling device.

28. Identify load.

29. Move materiel handling device to
load.

30. Control direction and speed of item.

31. Acquire load.

32. Verify acquisition.

YES = Adequate NO = Inadequate N/A Not Applicable

A-39



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function Checklist OPERABILITY III A

Item Class - Subclass Materiel Handlers - Soldier-Operated

Function Handle Materiel

Subfunction Lift/Move/Depoalt Materiel

Abbreviation L/M

Soldier/Item Tasks YES NO N/A Comment

33. Read labels and instructions.

34. Operate controls.

35. Read and interpret displays.

36. Lift load.

37. Transport load.

38. Identify deposit area.

39. Deposit load.

40. Monitor external objects and
conditions.

41. Commnunicate as required.

YES = Adequate NO Inadequate N/A Not Applicable

0 A-40



15 May 1990 TOP 1-2-610

TASK CHECKLIST

OPERABILITY III B

Materiel Handlers - Soldier-Monitored

E n t o S u f n t o A t h a y -i_-a IL P o n

Assemble/Install Assemble/Disassemble Assem A -42
Assemble/Install Attach,'Remove Att A-43
Prepare for Use Checkout Check A-44
Prepare for Use Align/Adjust Adj A-45
Start/Monitor/Stop Initiate/Terminate I nit A-46
Start/Monitor/Stop Monitor Mon A-47

A-41



15 May 1990 TOP 1.2-610

TASK CHECKLIST

Test Function Checklist OPERABILITY t B

Item Class - Subclass Materiel Handlers - Soldier-Monitored

Function Assemble/InstalI

Subfunctlon Assemble/Disassrmblee

Abbreviation Assem

Test Title

Test Pruject No. Date

Soldier/item Tasks YES NO N/A Comment

1. Unpackage items and components.

2. Read instructions.

3. Obtain tools.

4. Identify parts.

5. Assemble parts.

6. Disassemble parts.

7. Store parts.

YES = Adequate NO = Inadequate N/A = Not Applicable

A-42



15 May 1990 TOP 1-2-610

TASK CHECKLIST

O Test Function - Checklist OPERABILITY il1 B

Item Clase - Subclass Materiel Handlers - Soldier-Monitored

Function Assemble,'In•iall

Subtunctlon Attach/Remove

Abbreviation Att

Soldier/Item Tasks YES NO N/A Comment

8. Place and align item.

9. Connect fasteners.

10. Attach lines, hoses, cables, wires,
pipes, etc.

1 1. Level as necessary.

1 2. Configure for use.

YES = Adequate NO = Inadequate N/.A = Not Applicable

A-43



15 May 1990 TOP 1-2-610

'TASK CHECKLIST

Test Function - Checklist OPERABILITY III Bi

Item Class - Subclass Materiel Handlers - Soldier-Monitored

Function Prepare for Use

Subfunctlon Checkout

Abbreviation Check

Soldier/Item Tasks YES NO N/A Commeni

13. Visually inspect components.

1 4. Read labels.

15. Manually verify connections.

16. Set controls.

1 7. Remove and inspect components,
measurement devices, etc.

18. Perform operational check.

19. Verify readiness.

20. Communicate.

YES = Adequate NO = Inadequate N/A Not Applicable

A-44



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY III B

Item Class - Subclass Materiel Handlers - Soldier-Monitored
Function Prepare for Use

Subfunction Align/Adjust

Abbreviation Adj

Soldier/Item Tasks YES NO N/A Comment

21. Make gross calibrations and
adjustments manually.

22. Use tools and controls for fine
adjustments.

23. Tighten connections.

24. Realign components as required.

25. Change control settings.

S

YES = Adequate NO Inadequate N/A Not Applicable

A-45



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY Ill B

Item Class - Subclass Materiel Handlers - Soldier-Monitored

Function Start/Monitor/Stop

Subfunctlon Initiate/Terminate

Abbreviation I n It

Soldier/Item Tasks YES NO N/A Comment

26. Take operating position.

27. Determine when to start.

28. Start or stop power.

29. Operate power setting control.

30. Begin loading and/or transferring
operations.

31. Operate controls for continued
operation.

0

YES = Adequate NO = Inadequate N/A Not Applicable

A-46



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY Ill B

Item Class - Subclass Materiel Handlers - Soldier-Monitored

Function Start/Monitor/Stop

Subfunctlon Monitor

Abbreviation Mon

Soldier/Item 'Tasks YES NO N/A Comment

32. Observe operation.

33. Observe status.

34. Observe performance.

35. Determine rate of flow.

36. Obtain samples.

37. Identify problems.

38. Communicate.

0L

YES = Adequate NO = Inadequate N/A Not Applicable

A-47



15 May 1990 TOP 1-2-610

TASK CHECKLIST

* @ OPERABILUTY IV A

Eiectronics/Sigiials - Sensors & Detectors

Function i..6mtUo•hLa, &bRk..•Y E".

Prepare for Use UnpackJAssernbla Assem A-49
Prepare for Use Configure for Use Config A-50
Utilize Position for Use Posit A-51
Utilize Activate/Adjust/Deactivate Act A-52
Monitor Information Feedback Acquire/lrrwerpret information Acl A-53
Monitor Information Feedback Determine Operational Status Stat A-54

A-48



15 May 1990 TOP 1-2-610

TASK CHECKLIST

'Test Function - Checklist OPERAB:LITY IV A

Item Class - Subclass Eiectronic2/Signals - Sen*oi's & Detectornp

Functior, Prepare for Use

Subfunction Unpack/Assemble

Abbreviation Assem

Test Title

Test Prolect No. Date

Soldier/Item Tasks YES NO N/A Comment

1. Read special handling instructions.

2. Identify sensor.

3. Retrieve from storage.

4. IJpackage.

5. Handle sensor.

6. Deploy parts.

7. Assemble parts.

YES = Adequate NO Inadequate N/A N0t Applicable

A-49



15 May 1990 TOP 1.2-610

TASK CHECKLIST

_ Test Function . Checklist OPERABILITY IV A

Item Class - Subclass Electronics/Signals - Sensors & Detectors

Functln Prepare for Use

Subfunctlon Configure for Use

Abb reviation Config

SoidleT/Item Tasks YES NO N/A Comment

8. Select modes of operation.

9. Prepare interfaces and connections.

10. Select technical parameters.

11. Connect lines, cables, etc.

12. Perform static checkout.

YES = Adequate NO = Inadequate N/A = Not Applicable

A-50



15 May 1990 TOP 1-2-610

TASK CHECKLIST

, Test Function - Checklist OPERABILITY IV A

item Cless - Subclass Electronics/Signals Sensorx S Detectors

Function Utilize

Subfunction Position for Use

Abbreviation Posit

Soldier/Item Tasks YES NO NiA Comment

13. If stationary: emplace, position, or
"orient.

14. If moving: attach to locomotion

device.

15. Point or aim.

16. Conceal or camouflage as required.

1 7. Reorient as required.

YES = Adequate NO : Inadequate N/A Not Applicable

A-51



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY IV A

Item Class - Subclass Electronlcs/SIgnals - Sensors & Detectors

Function Utilize

Subtunction Activate/Adjust/Deactlvate

Abbreviation Act

Soldier/Item Tasks YES NO N/A Comment

18. Activate sensor.

19. Verify activation.

20. Follow safety procedures.

21. Read instructions.

22. Communicate.

23. Perform dynamic checkout.

24. Perform quick deactivation.

25. Control location, position,
operation, and feedback of data.

26. Control rate of motion and field of
view.

YES = Adequate NO Inadequate NIA Not Applicable

A-52



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY IV A

Item Class - Subclass Electror;ics/Signals - Sensors & Detectors

Function Monitor Information Feedback

Subfunction Acquire/Interpret Information

Abbreviation Acq

Soldier/item Tasks YES NO N/A Comment

27. Activate displays.

28. Acquire and interpret sensed data.

29. Verify validity of sensed data.

30. Integrate data from different
sensors.

31. Assess data quality.

32. Assess data quantity.

YES = Adequate NO Inadequate N/A Not Applicable

A-53



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test runction - CheckPlst OPERABILITY IV A

Item Class - Subclass Electronics/Signals - Sensors & Detectors

Function Monitor Information Feedback

Subfunction Determine Operational Status

Abbreviation Stat

Soldier/Item Tasks YES NO N/A Comment

33. Identify problems.

34. isolate problems.

0

YES = Adequate NO = Inadequate N/A = Not Applicable

A-54



16 May 1990 'TOP 1-2-610

TASK CHECKLIST

* OPERABILITY IV B

Electronics/Signals - Information/Command-Control

FunctioQn SubIl~clon1LJ AbbreIxia.tt~ Emi

Enter/Leave Station Enter Station Ent A-56
Enter/Leave Station Take Position at Station Take A- 57
Prepare for Operation Configure Station Config A-58
Prepare for Operation Perfrom Checkout Check' A-59
Operate Station Acquire/Interpret Information Acq A-60
Operate Station Control/Adjust Operation Adj A-61

0A-55



15 May '1990 TOP 1-2-610

TASK CHECKLIST

w Test Function Chockilst OPERABILITY IV B

Item Class - Subclass Electronics/Signals - Information/Command-Control

Function Enter/Leave Station

Subfunctlon Enter Station

Abbreviation Ent

Teat Title

Test Project No. Date

Soldier/Item Tasks YES NO N/A Comment

1. Grasp and operate door control.

2. Push, pull, or slide door open or
closed.

SYES = Aduqte NO =Inadequate N/A = Not Applicable

A-56



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY IV B

Item Class - Subclasa Electronics/Signals Information/Command-Control

Function Enter/Leave Station

Subfunctlon Take Position at Station

Abbreviation Take

Soldier/Item Tasks YES NO Comment

3. Step into or out of work area,

4. Take or leave seat.

5. Move to or from standing opc;ator
position.

6. Remove excess clothing (rain,
NBC, cold regions, etc.).

7. Stow clothing, tools, packs, and
other encumbrances.

YES Adequate NO Inadequate N/A Not Applicable

A-57



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY IV B

Item Class - Subclass Electronies.'Signals - Information/Command-Control

Function Prepare for Operation

Subfunction Configure Station

Abbreviation Config

Soldier/Item Tasks YES NO N/A Comment

8. Adjust environment controls.

9. Select modes of operation.

10. Inlegrate with other operators,

11. Establish command links.

12, Make connections.

13. Follow procedures.

1 4. Communicate.

15. Interact with support systems.

YES = Adequate NO Inadequate N/A = Not Applicable

A- 18



15 May 1990 TOP 1-2-610

TASK CHECKLIST

. Test Function - Checklist OPERABILITY IV B

Item Class - Subclass Electronics/Signals - Information/Command-Control

Function Prepare for Operation

Subfunction Perform Checkout

AAbbrevletion Check

Soldier/Item Tasks YES NO N/A Comment

16. Check control settings.

17. Check data return quality.

18. Check data return format.

19. Check links.

20. Verify operational readiness.

S

YES = Adequate NO = Inadequate N/A = Not Applicable

A-59



15 May 1990 TOP 1-2-610

TASK CHECKLIST

. Test Function - Checklist OPERABILITY IV B

Item Class - Subclass Electronics/Signals - Information/Command-Control

Function Operate Station

Subfunctlon Acquire/interpret Information

Abbrevlation Acq

Soldler/Item Tasks YES NO N/A Comment

21. Obtain and monitor continuous data.

22. Obtain and monitor discrete data.

23. Obtain and monitor status data.

24. Obtain verification data.

25. Identify and isolate problems.

26. Assess requirement to modify
operations.

0

YES = Adequate NO = Inadequate N/A Not Applicable

A-60



15 May 1990 TOP 1-2-610

TASK CHECKLIST

0 Test Function - Checklist OPERABILITY IV B

Item Claos - Subclass ElectronIcs/Signals - Information/Command-Control

Function Operate Station

Subfunction Control/Adjust Operation

Abbreviation Adj

Soldler/Item Tasks YES NO N/A Comment

27. Activate system and change control

settings.

28. Change system configuration.

29. Change software.

30. Input discrete commands.

31. Input continuous control.

32. Monitor computer/
communications/sensor systems.0

YES = Adequate NO = Inadequate N/A = Not Applicable

A-61



15 May 1990 TOP 1-2-610

TASK CHECKLIST

OPERABILITY V A

Operational Support - Maintenance & Repair

EunctiDA Subfunction A b b revJJg l. EA=gi

Prepare hem Unstow/Configure Unst A-63
Prepare Item Emplace/Position at Worksite Posit A-64
Prepare Worksite Configure Workstation Config A-65
Perform Control/Adjust Operation Adj A-66
Perform Monitor/Verify Operation Mon A-67

A-62



15 May 19•0 TOP 1-2-610

TASK CHECKLIST

Test Function Checklist OPERABILITY V A

Item Cilse - Subclass Operational Support - Maintenance & Repair

Function Prepare Item

Subfunctlon Unstow/Configure

Abbreviation Unst

Test Title

T Project No. Date

Soldier/Iem Tasks YES NO N/A Comment

1. Identify parts.

2. Unstow parts.

3. Lay out and deploy parts.

4. Align and adjust parts.

5. Make connections.

6. Assemble parts.

7. Mate subassemblies.

8. Prepare rigs.

9. Read instructions.

YES = Adsquate NO tnadeqt.qta W/A Not Aplicatole

SA - 6 3



15 May 1990 TOP 1.2-610

TASK CHECKLIST

sTea Function - Checkllst OPERABILITY V A

Item Class - Subclass Operational Support - Maintenance & Repair

Function Prepare Itern

Subfunctlon Emplace/Position at Worksite

Abbreviation Posit

Soldier/Item Tasks YES NO N/A Comment

10. Move assembly.

11. Position and orient components.

12. Emplace at worksite.

13, Locate components at worksite.

YES z Adequate NO Inadequate N/A Not Applicable

A. 64



15 May 1990 TOP .-2-G10

TASK CHECKLIST

Test Function Checklist -ER OPERABILITY V A

Item Class - Subclass Operational Support Maintenance & Repair

Function Prepare Worksite

Subfunctlon Configure Workstation

Abbreviation Config

Soldier/Item Tasks YES NO N/A Comment

14. Take position.

15. Adjust seats.

16. Set up station.

1 1. Prepare materiel.

18. Select operating modes.

19. Perform checkout.

20. Read instructions.

21. Prepare support systems.

22. Locate and prepare support
personnel.

YES = Adequate NO = Inadequate N/A Not Applicable

A-65



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY V A

Rtam Class - Subclass Operational Support - Maintenance & Repair

Function Perform

Subfunction Control/Adjust Operation

Abbreviation Adj

Soldier/Item Tasks YES NO N/A Comment

23. Activate power.

24. Change control settings.

25. Perform test.

26. Perform inspection.

27. Perform removal/replacement.

28. Perform repair.

29. Perform site leveling.

* 30. Perform construction.

31. Perform resupply and
refurbishment.

32. Perform materiel erection.

33. Emplace and orient tools.

NO I -

YES = Adequate NO Inadequate N/A Not Appl~cable
A-66



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY V Al

Item Class - Subclass Operational Support - Maintenance & Repair

Function Perform

Subfunctlun Monitor/Verify Operation

Abbreviation Mon

Soldier/Item Tasks YES NO N/A Comment

34. Observe operations.

35. Observe lucation of objects.

36. Detect obstacles.

37. Monitor performance.

38. Monitor status.

39. Verify operation3.

YES = Adequate NO Inadequate N/A =. Not Applicable

A-67



15 May 1990 TOP 1-2-610

TASK CHECKLIST

* OPERABILITY V B

Operational Support - Materiel Production &
Environmental Control

Eutlan kL.fli,.fl.•. A zDbi aiol. EAg,

Assemble/Set Up Assemble/Disassemble Assem A-69
Assemble/Set Up Emplace Emp A -70
Prepare for Use Align/Calibrate/Adjust Adj A-71
Prepare for Use Service Serv A-72
Utilize Activate/Deactivate Act A-73
Utilize Perform Prime Function Perf A-74

0

e A-68



15 May 1990 TOP 1.2-610

TASK CHECKLIST

Test FunctIon - Checklist OPERABILITY V B

Item Closs - Subclass Op. Support - Materiel Production & Environ. Control

Function Assemble/Set Up

Subfunctlon As~emble/Disasemble

Abbreviation Assem

Test Title

Test Project No, Date

Soldier/Item Tasks YES NO N/A Comment

1. Unstow or stow components.

2. Read and interpret instructions and
technical manuals.

3. Identify parts.

4 Connect components.

0 5. Mate components to chassis.

I 1 II
YES = Adequate NO = Inadequate N/A = Not Applicable

A-69



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Functlin - Checklist OPERABILITY V B

Item Class - Subcli.b Op. Suppurt Materiel Production & Environ. Control

Function Asssmble/Set Up

Subfunction Emplace

Abbreviation Emp

Soldier/Item Tasks YES NO IN/ Comment

6. Install subassemblies.

7. Make connections.

8. Position for use.

YES = Adequate NO Inadequate N/A Not Applicable

A-70



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPEPABILITY V B

Item Class - Subclass Op. Support - Materiel Production & Environ. Control

Function Prepare for Use

SubfunctIon Align/Calibrate/Adjust

Abbreviatlon " Adj

Soldier/Item Tasks YES NO IA Comment

9. Interpret technical manuals and
labels.

10. Tighten or loosen fasteners.

11. Set and adjust controls.

0

YES = Adequate NO = Inadequate N/A =Hot Applicable

A-71



15 May 1990 TOP 1-2-610

TASK CHECKLIST

* [Test Function - Checklist OPERABILITY V B

Item Class - Subclass Op. Support - Materiel Production & Environ. Control

Function Prepare for Use

Subfunctlon Service

Abbreviation Serv

Soldier/Item Tasks YES NO N/A Comment

12. Determine status of expendables.

13. Open or close access covers.

14. Remove or replace filler caps.

YES = Adequate NO = Inadequate N/A = Not Applicable

A-72



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY V B

Item Clase - Subclass Op. Support Materiel Production & Environ. Control

Function Utilize

Subfi'nction Activate/Deactivate

Abbreviation Act

Soldier/Item Tasks YES NO N/A Comment

15. Start gasoline engines.

16. Ignite pilot light or burner.

17. Turn on electrical power.

18. Initiate air and hydraulic power.

S

YES = Adequatp NO Inadequate N/A = Not Applicable

A-73



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY V B

Item Class - Subclass Op. Support - Materiel Production & Environ. Control

Function Utilize

Subfunctlon Perform Prime Function

Abbreviation Perf

Soldier/Item Tasks YES NO N/A Comment

19. Operate equipment according to
operating manuals.

20. Manipulate controls.

21. Observe and monitor displays.

22. Perform manual and tool assisted
operations.

23. Observe and test status of
materiels.

24. Remove and inspect finished
* product.

YES = Adequate NO = Inadequate N/A = Not Applicable

A-74



1 May 1990 TOP 1-2-610

TASK CHECKLIST

* OPERABILITY VI A

Troop Support Equipment - Consumables

F n to Sugbf.. t. l!.n •AbbLrevLatlo .E M~g

Unpackage/Package Stow/Unstow Stow A- 76
Unpackage/Package Open/Close Package Open A- 77
Prepare Premix Prem A-78
Prepare Heat/Agitate Heat A-79
Utilize/Consume Apply/Remove App A-80
Utilize/Consume Ingest Ing A-81

A-75



15 May 1990 TOP 1-2-610

TASK CHECKIST

. Test Function - Checklist OPERA3ILITY VI A

Item Class - Subclass Troop Support Equipment - Consurnable,

Function Unpacka~e/Package

Subfunction Stow! Ufnstow

Abbreviation St ow

Test Title

Test Project No. Date

Soldier/Item Tasks YES NO NIA Comment

1. Insert item into or remove item
from carrying case.

2. Place item in or remove item from
pockets, shirt, or pack.

3. Strap or connect item to personal
carrying gear.

4. Remove large item from storage
0 area.

YES = Adequate NO inadequate N/A Not Applicable

A-76



15 M•y 1990 T 'ý P 1-2-610

TASK CHECKLIST

T.asi Function - Chocklit OPERABILITY VI A

Itom Clia Subctas" Troop Support Equipment - Consumables

Funeflon Unpackago/Fackage

Subftunctlon Operr/Soae Packa
Abbrevipation Open

Soldier/Item Tasks YES 140 IN/ A Comment

5. Rip or tear plastic, foil, paper,
sacks, or envelopes.

3. Open or pierce metal or plastic
containers (not recloseable).

7. Remove or replace caps and covers.

IL

* YES = Adequate NO =Inadequate N/A = Not Applicable

A -7 7



15 May 1990 TO1 1-2-610

TASK CHECKLIST

A% Test Function -, Checklist OPERABILITY VI A

Item Class - Subclass Troop Support Equipment - Consumables

Function Prepare

S~ubfunction Premix

AbbrevIatlan Prem

Soldier/Item Tasks YES NO N/A Comment

8. Measure water and other liquids.

9. Measure dry materiels.

10. Add liquid and dry materiels in
correct proportions.

YES = Adequate NO Inadequate N/A = Not Applicable

A-78



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY VI A

Item Clasas - Subclass Troop SuppoTt EquIpment Ccnsum~blerI

Function P •fZ8F6

Subfunction Heet/A•tte

Abbreviation

Soldier/Item Tasks YES NO "/A Comment

11. Place item over fire or in hot
water.

1 2. Empty consumable into cooking or
eating utensil.

13. Stir materiel.

14. Agitate package.

0

YES = Adequate NO Inadequate N/A Not Applicable

A- 79



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY VI A

Itei, Class - Subclass Troop Support Equipment - Consumables

Function Utilize/Consume

Subfunctlon Apply/Remove

Abbreviation App

Soldier/Item Tasks YES NO N/A Comment

15. Remove or replace cap or cover.

16. Obtain and prepare applicator.

17. Clean and prepare skin.

18. Apply or remove salve or oil.

19. Sprinkle or spread powder.

YES = Adequate NO Inadequate N/A Not Applicable

A-80



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist OPERABILITY VI A

Item Clase - Subclass Troop Support Equipment - Consurmables

Function Utilize/Consume

Subfunctlon Ingest

Abbrevlat on Ing

Soldier/Item Tasks YES NO N/A Comment

20. Eat or drink item.

21,. Utilize pouring or drinking spout.

22. Dispose of wastes.

- I

YES Adequate NO Inadequate N/A = Not Applicable

A-81



15 May 1990 TOP 1-2-610

TASK CHECKLIST

* MAINTAINABILITY I

Vehicles

Func.tQ. gubfu ntLL. Abbrevatilon ,Em

Perform Preventive Maintenance Perform Routine Servicing Serv A-83
Perform Preventive Maintenance inspect/Checkout Insp A-84
Perform Preventive Maintenance Replenish/Resupply Replen A-85
Perform Corrective Maintenance Detcct/Isolate Faults Det A-86
Perform Corrective Maintenance Prepare for Repair Prep A-87
Perform Corrective Maintenance Repair Repr A-88

0

O A-82



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist MAINTAINABILITY I

Item Class Vehicles

Function Perform Prev3ntlve Maintenance

Subfunction Porform Routine Servicing

Abbreviation Serv

Test Title

Test Project No. Date

Soldier/Item Tasks YES NO N/A Comment

1, Gain access to components.

2. Assemble tools and support
equipment.

3. Clean components.

4. Tighten components.

5. Adjust components.

6. Align components.

7. Calibrate components.

YES = Adequate NO Inadequate N/A Not Applicable

A-83



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function Checklist MAINTAINABIUTYI

Item Class Vthicles

Function Perform Prevontive Maintenanco

Subfunction InspectiCheckout

Abbreviation lnsp

Soldlei/item Tesks YES NO N//A Comment

8. Retrieve checklists and inspection
procedure.

9. Conduct walk around inspection.

1 0. Conduct static checkout.

1 1. Conduct dynamic checkout.

1 2. Check fittings.

1 3. Check valves.

1 4. Check fluid pumps.

15. Check flow rates.

YES = Adequate NO -Ih'mdequate N/A = Not Applicable
SJA- 8,



13 May 1990 TOP 1-2-610
TASK CHECKLIST

Trht Function Checklist MAINTAINABILITY I

Item ,Claa. Vehicles

Function Perform Preventive Maintenance

S,,jbfunctlun Replenish/Resu pply

Abbreviatolnn Ip Replen

Soldier/Item Tasks YES NO N/A Comment

16. Remove and replace.

17. Attach Ihes and hoses.

18. Refill.

".9. Charge.

20. Disconnect lines.

21 . Blow or clean lines.

22. Remove covers.

ej

YES = Adequate NO Inadocuato N/A Not Applicable

A-85



15 May 1990 TOP 1-2-610

TASK CHECKLIST

- Test Function - Checklist MAINTAINABILITY I

Item ClIna Vehicles

Function Perform Corrective Maintenanco

Subfunction Detect/Isolate Faults

Abbreviation Det

Soldier/Item Tasks YES NO- N/A Comment

23. Identify failure.

24. Identity affected system.

25. Identify faulty component.

26. Identify faulty part.

27. Read displays.

28. Use test sets.

0

YES = Adequate NO Inadequate N/A = Not Applicable

A-86



15 May 1990 TOP 1-2-610

TASK CHECKLIST

. Test Function - Checklist MAINTAINABILITY I

Item Class Vehicles

Function Perform Corrective Maintenance

SubfunctI7,(i Prepare for Repair

Abbrevlation Prep

Soldier/Item Tasks YES NO N/A Comment

29. Configure system.

30. Configure component.

31. Configure part.

32. Select tools.

33. Configure support systems.

34. Remove component.

35. Disassemble component.

36. Inspect parts.

YES = Adequate NO Inadequate N/A Not Applicable

A-87



15 May 1990 TOP 1-2-610

TASK CHECKLIST

S Test Function . Checklist MAINTAINABILITY I

Item Class Vehicles

Function Perform Corrective Maintenance

Subfunction Repair

Abbreviation Repr

Soldler/Item Tasks YES NO N/A Comment

37. Perform electrical repair.

38. Perform mechanical repair.

39. Perform hydraulic repair.

40. Remove and replace parts.

41. Repair parts.

42. Conduct tests.

43. Verify readiness.
(See Inspect/Checkout.)

YES = Adequate NO Inadequate N/A : Not Applicable
A-88



15 May 1990 TOP 1-2-610

TASK CHECKLIST

* MAINTAINABILITY II

Weapons

Function Eubuncio A~bbrevlatlon E

Perform Preventive Maintenance Adjust/Align Adj A-90
Perform Preventive Maintenance Service Serv A-9 4
Perform Preventive Maintenance Remove/Repl3ce Remv A-92
Perform Corrective Maintenance Troubleshoot Trouble A-93
Perform Corrective Maintenance Repair Repr A-94
Perform Corrective Maintenance Test & Calibration Cal A-95

A-89



15 May 1990 TOP 1-2-6l10i e TASK CHECKLIST

Test FLunction - Checklist MAINTAINABILITY•-I

item Class Weapo0 ns

Function Perform Preventive Maintenance

Subfunctlon Adjust/Align

Abbreviation Adj

Test Title

Test Project No. Gets

Soldier/Item T"asks YESNO N/A Comment

1. Identify requirements.

2. Consult publications.

3 Read labels.

4. Assernbe tools.

5. Access test points.

6. Gain access W parts.

7. Align and adjust parts.

8. Use controls and tools,

YES = Adequate NO Inadequate N'A Not Applicable

A-90



1I May logo TOP 1-2-610

TASK CHECKLIST

Trtt Function- Checkllst MAINTAINABILIT'Y II

IAOem clesi Weapons

Furtlaon Performi Preventive Malntenance

$Subtunctlon Service

Abb iatvlatIon Serv

Soldier/Item Tasks YES -M0 FN/A Comment

9. Remove covers.7 4
M0. Access service points, drains, and

parts.

11 . Lubricate itemr

12. Fill with fluid.

13. Read displays.

14. Disassemble.

15. CUean components,

16. Tighten parts.

17. Disconnect lines.

18. Blow or clean lines.

YES = Adequate NO Inadequate N/A = Not ApplIcable

A-91



16 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function Checklist MAINTAINABILITY II

Item Clase Weapons

Function Perform Preventive Maintenance

Subfunctlon Remove/Replace

Abbreviation Remv

Soldier/Item Tasks YES NO N/A Comment

19. Handle e~xpendabies and
replaceables.

20. Prepare system for module
removai.

21. Prepare module for rurnovaL.

22. Prepare workspare for module,

23. Stow module.

24, Install fresh module.

25. Replace module.

YES -- Adgqtjee NO =Inadequate N/A Not Applicable
A-9S2



15 May 1990 TOP 1-2-610

TASK CHECKLIST

. Test Function - Checklist MAINTAINABILITY 1i

Item Class Weapons

Function Perform Corrective Maintenance

Subfunctlon Troubleshoot

Abbreviation Trouble

i n-- -amw - 1i~~l a s mw~nsmls

Soldier/Item Tasks YES NO N/A Comment

26. Detect faults.

27. Access test points.

28. Acquire measures and data.

29, Interpret data.

30. Consult publications.

31. Isolate fault to component,

YES = Adequate NO I Inadequate N/A Not Applicable
O A-93



15 May g990 TOP 1-2-610

TASK CHECKLIST

Test Function Checklist MAINTAINABILITY II

Item Class Weapons

Function Perform Corrective Maintenance

Subtunc*ion Repair

Abbreviation Repr

Soldier/Item Tasks YES NO N/A Comment

32. Assemble tools.

33. Arrange lines and cables.

34. Configure system.

35. Configure support equipment.

36. Conduct structural repair.

37. Conduct mechanical repair.

38. Conduct electrical repair.

39. Disassemble component.

40. Inspect parts.

41. Replace parts.

42. Repair parts.

S- -m

YES = Adequate NO Inadequate N/A Not Applicable

A-94



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist MAINTAINABILITY 11

Item Class Weapons

Function Perform Corrective Maintenance

Subfunction Test & Calibration

Abbreviation Cal

Soldier/Item Tasks YES NO N/A Comment

43. Set up test stand.

44. Obtain data.

45. Interpret data.

46. Consult publications.

47. Consult calibration tables.

48. Validate repair.

YES = Adequate NO Inadequate N/A Not Applicable

A-95



15 May 1990 TOP 1-2-610

TASK CHECKLIST

* MAINTAINABILITY III

Materiel Handlers

Eunkiiai.o Ab~brYtLa.iLQgJ EAgn

Perform Preventive Maintean.e Perform Routine Servicing Serv A-97
Perform Preventive Maintenance Inspect/Checkout Ins4p A-98
Perform Preventive Maintenance Rep'enish/Resupply Replen A-99
Perform Corrective MaintLnaicc Detect/Isolate Faults Det A-100
Pef irm Corn ective Maintenance Prepare for Repair Prep A - 10 1
Perform Corrective Maintenance Repair Repr A-102

0

0 A-96



15 May Wi9O TOP 1-2-610

TASK CHECKLIST

Test Function Checkllst MAINTAINABILITY III

Item Class Mater:el Handlers

Function Perform Preventive Maintenance

Subfunctlon Perform Routine Servicing

Abbreviation Serv

Test Title

Test Project No. Date

Soldier/Item Tasks YES NO N/A Comment

1. Clean components.

2. Tighten components.

3. Adjust co,,iponents.

4. Align components.

6. Calibrate components.

YES = Adequate NO Inadequate N/A = Not Applicable

A-97



1 May 1990 TOP 1-2-610

TASK CHECKLIST

- rest Function - Checkliet MAINTAINPBILITY Ill

Oem Claas Materlel Hindlers

Functlnn Perform Preventlve Maintenance

I__ubfuntlon Inspect/C heckout

Abbrovlatton Insp

Soldier/Item Tasks YES NO N/A Comment

6. Conduc2c walk around inspection.

7. Conduct static checkout.

8. Conduct dynamic, checkout.

9. Verify readiness.

- I

YES = Adequate NO Inadequate NWA = Not Applicable
e A-98



15 May 1990 TOP 1-2-610

TASK CHECKLIST
S... . ...._ _N AIN BII.

rtest Funktion Checklist MINTAINABILITY

Item Class Materisl Handers

Function Perform Preventive Maintenance

Sulfuncloa VReplenlsh/Resupply

1Abbrovlietion -Repon

Soldier/Item Tesks YES NO N/A Comment

10. Remove and replace.

11. Attach lines and hoses.

12. Refill.

13. Charge.

0

YES : Adequate NO = Inadequate N/A = Not Applicable

A-99



15 Moy 1990 TOP 1-2-610

TASK CHECKLIST

Towt Function CI-ocklist MAiNTAINABILITY III

Item Clams Materiel Handlers

Function Perform Ccrrective Maintenance

Subfunction Detect/Isolate Faults

Abbrevistion Dot

Soldler/Item Tasks YES NO NIA Comment

1 4. Identify fai!ure.

15. Identify affected system.

1 6. Identify component.

,7. hentify faulty part.

YES = Adequate NO Inadequate N/A Not Applicable

A-100



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist MAINTAINABILITY III

Item Class Matetlel Handlers

Function Perform Corrective Maintenance

Subfunction Prepare for Repair

Abbreviation Prep

Soldier/Item Tasks YES NO N/A Comment

18. Configure system.

19. Configure component.

20. Configure part.

21. Select tools.

22. Configure support systems,

YES = Adequate NO Inadequate N/A = Not Applicable

A-101



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist MAINTAINABILITY III

Item Class Materiel Handlers

Function Perform Corrective Maintenance

Subfunction Repair

Abbreviation Repr

Soldier/Item Tasks YES NO N/A Comment

23. Perform electrical repair.

24. Perform mechanical repair.

25. Perform hydraulic repair.

26. Verity repair.
(See Inspect/Checkout.)

YES = Adequate NO Inadequate N/A = Not Applicable

A-102



16 May 1990 TOP 1-2.610

TASK CHECKLIST

* MAINTAINABILITY IV

Electronics/Signals

Perform Preventive Maintenance Service Serv A- 104
Perform Preventive Maintenance Inspect/Checkout Insp A- 105
Perform Corrective Maintenance Troubleshoot Touble A- 106
Perform Corrective Maintenance Repair/Replace Repr A-1 07
Perform Corrective Maintenance Test/Calibrate Caj A- 108

A-103



15 May 1990 'TOP 1-2-610

TASK CHECKLIST

,eat Fur•-Cton - Chsckllst MAINTAINABILITY IV

Item Clase Electron cs/Signa Is

Function Perform Preventive Maintenance

Subfunction Service

Abbreviation Serv

STest Title

lost Project No. Date

Soldie./Item Tasks ,'ES NO N/A Comment

1. Access components.

2. Tighten components.

3. Clean components.

4. Align components.

5. Adjust components.

S 6. Calibrate components.

7. Remove components.

8. Replace components.

YES = Adequato NO = inadequate N/A Not Applicable

A-104



Is5 MW 1990 TOP 1.27-51

TASK CHECKLIST

Test Function - Chi*klist MAINTAINABILITY IV

Item Cleao ElectronlcslS•gnals

Function Perform Preventive Maintenance

Sublunctlaon Inspect/Checkout

Abbrevitlion Insp

Soldier/Item Tasks YES NO N/A Comment

9. Acquire checklist.

1 0. Acosss components.

11. Adjust controls.

1 2. Read displays.

13. Read labels.

9

--- J

YES = Adequate NO = Inadequate N/A = Not Applicable

A-105



76 May 19iPO TOP 1-2-610

TASK CHECKLIST

S T¢t F uotlon- Checklist MAINTAINABILITY IV

Iote Cio$s Electronics/S Igna Is

Furnctlon Perform Corrective Maintenance

Subfuntlon Troubleshoct

Abbreviation Trouble

Soldier/itom Taska YES NO N_/As Comment

14. Activate controls.

15. Acquire performance aids,

1 6. Pead displays.

17. Access test points,

18. Act'vvte test equipment.

19. Read signals.

20. Make decisions.

* I

IL

YES = Adequate NO = Inadequate N/A = Not Applicable

A-106



15 May 16,90 TOP 1-2-610

TASK CHECKLIST

Test Function - Chscklist MAINTAINABILITY IV

Item Class Electronics/Sinals

Function Perform Corrective Maintenance

Subfuncilon Repair/Replace

Abbroviation Repr

Soldier/Item Tasks YES NO N/A Comment

21. Identily component.

22. Break connections.

23. Remove component.

24. Repair component.

25. Align componen:.

26. Replace component.

27. Make connection.

28. Verify connection.

29. Remove and replace module.

YES = Adequate NO Inadequate N/A = Not Applicable

A-107



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist MAINTAINABILITP IV

Item Ciaas Electronlc3/Signals

Function Perform Corrective Maintenance

Subfunctlon Test/CalJbrato

Abbreviation Cal

Soldier/Item Tasks YES NG N/A Comment

30. Acquire job performance aids.

31. Prepare test equipment.

32. Mate component with test
equipment.

33. Control Inputs.

34. Read outputs.

35. Check calibration charts.

36. Verify repair.
(See Inspect/Checkout.)

YES = Adequate NO = Inadequate N/A = Not Applicabie

A,108



15 May t490 TOP 1.2-610

TASK CHECKLIST

*• MAINTAINABILITY V

Operationel Support

Function SuIkunctla AlfwyaLM2 Pi

Perform Preventive Maintenarcp Inspect/Checkout Insp A-1 10
Perform Preventive Maintenance Perform Routine PM Rout A-11l
Perform Non-Scheduled Maintenance Detect Malfunction Det A- 112
Perform Non-Scheduled Maintenance Isolate/Identify Causes Isol A- 113
Remove/Replace Remove Malfng. Component Remv A - 1 14
Remove/Replace Replacement/Repair on Item Repr A 115

0

O A-109



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist MAINTAINABILITY V

Item Clear. Operational Support

Function Petform Preventive MaInteoanco

Subfunction lins pect/C hec:(o uut

Ab lbrovllt on lnsp

Test Title

Test Project No. Date

Sold~er/tem Tasks f YES N/A Comment

inspect structural components.

2. Check tightness of fasteners and
connectors.

3. Determine status of expendable
materiels.

4. Determine condition and expected
life ul lino replaceabl: parts.

5. Verify operational status of
displays.

YES = Adequate NO Inadequate N/A Not Applicable

SA-110



15 May 1990 TUP 1-2-610

TASK CHECKLIST

. Test Function - Checklist MAINTAINABILITY V

Item Class Opera~tonal Support

Function Perform Preventl'p Mpintenance

Subfunction Perform Routine PM

Abbreviation RoutI

Soldler/Item Tasks YES NO N/A Comment

6. Clean and paint.

7. Add preservatives

8. Remove and replace minor items
(lightbulbs, filters, etc.).

9. Lubricate.

1 0. Add expendables.

11. Tighten fasteners and connectors.

12. Adjust, calibrate, and align
components.

-__.._..J

YES = Ad,*quate NO = Inadequate N/A = Not Applicable

0 A-1II



1 Moy 1990 TOP 1-2-610

TASK CHECKLIST

, T.gt Functtn Checklirt MAINTAINABILITY V

Ite•t CIRO Operational Support

Function Perform _Non-Scheduled Maintenance

Subfunctlhn Detect Malfunction

Abbreviltion Det

____Solider/Item Tasks YES NONA CommrentJ

13. Monilor displays.

14. Util;ze visuai and auditory cues.

1 5. Detect changes in system operation.

16. Read malfunctioning indicator.

YES = Adequate NO = Inadequate N/A = Not Applicable

A-112



15 May 1990 TOP 1-1-510
TASK CHECKLIST

Tost Function Checklist MAINTAINABILITY V

Item Class Operational Support

Function Perform Non-Scheduled Maintenanco

Subfunction Isolate/identify Causes

Abbreviation isol

Soldier/Item Tasks YES NO N/A Comment

17. Visually inspect components.

18. Read built-in test meters.

19. Apply troubleshooting strategy.

20. Apply auxiliary test equipment to
test points.

21. Obtain readouts.

YES = Adequate NO = Inadequate N/A Not Applicable

A A- 13



16 May 1990 TOP 1-2-610

TASK CHECKLIST

, Test Function - Checklist MAiNTAINABILITY V

Item Cieao Operational Support

Function Remove/Replace

Subfunctlon Remove Malfunctioning Component

Abbreviation Remv

Soldier/Item Tasks YES NO N/A Comment

22. Open and secure accesses.

23. Remove fasteners and connectors.

24, Lift, pull, slide, or push
components off of or out of item.

YES A • a~e NO Inadeqcate N/A = Not Applicablo

A-li 4



16 May 1990 TOP 1-2-610
TASK CHECKLIST

Test Function - Checklist MAINTAINABILITY V

Item Class Operational Support

Function Remove/Replace

Subfunctlon Replacement/Repair on Item

Abbreviation Repr

Soldler/llem Tasks YES NO N/A Comment

25. Place and hold component in
position.

26, Apply and tighten fasteners and

connectors.

27. Attach cables, hoses, and wires.

28. Verify adequacy of replacement.

29. Repair component while mounted
on item.

30. Recalibrate and realign.

YES = Adoquate NO : Inadequate N/A Not Applicable

AI 15



15 May 1990 TOP 1-2-610

TASK CHECKLIST

* TRANSPORTABILITY

Euncim 9SUbjunctIon Alx;e..ti. ft.agr

Prepare for Transport Place in Transit Configuration Config A.. 1 1 7
Prepare for Transport Package Pack A- 11 8
Load/Unload Load onto Carrier Lo,,ad A- 1 9
Secure/Unfasten Immobilize Item Immob A-1 20
Secure/Unfasten Prepare for Use Prep A-i 2 1

0

* A-i•



15 May 1O0 'TOP 1-2-610

"TASK CHECKLIST

Test Function - Checkilxt TRANS P I) RTA B ILI TY

F.unctlon Prepa're for Transport

Subfunctlon Place In Trans~t Con•'fgwiration

Abbroeylat!on Config

ITast Title

'restProjct No. Date _ _ .- "-

Suldier/item Tasks NO Comment

1. Position and lock movable
components.

2. Remove and secure loose and
projecting components.

3. Apply protective covering.

4. Remove expendable liquids.

5. Connec! or remove auxiliary
eqL"pment (fording or wintarizing
kits).

SYES = Adequate NO inadeQLfate NA =Not Applcabe
A-.117'



15 May 1990 TOP 1ý2-610

TASK CHECKLIST

Tst FunntIor - Checklist TRANSPORTABILITY

Function Prepare for Transport

ubtu nct 10 Package

Abbreviation Packk

Soldier/Item TaKs YES NO N/A Comment

6. Disassemble item elements.

7. Obtain or construct package.

8. !nsert item in',o package.

9. Insert shok proofing materiel.

10. Anchor item.

11. Close package.

12. Apply labeling.

YES = Adequate NO Inadequate N/A Not Applicable

A.118



15 May 1990 TOP 1-2.610

TASK CHECKLIST

Tea•t Function - Checklist TRANSPORTABILITY

Function Load/Unload

Subfunction Load onto Carrier

Abbrevlatlon Load

Soldier/Item Tasks YES NO N/A Comment

1 3. Attach or remove hooks and cables
to or from lifting points on item or
package.

14. Engage item with materiel handling
components (forks).

15. Place item on or in pallets, cargo
nets, slings, or other lifting and
loading devices.

16. Attach item where required -
lifting, sliding, or rolling item to
do so.

YES = Adequate NO = Inadequate N/A Not Applicable

A-1 19



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist "TRANSPORTAB61. I TY

Function Secu' e in lfastIn
Subfunction InmmoWIle Ittm

LAbbrevIation mmmob

Soldier/Item Tasks YES 10 N/A 0aMm rr

17. Secure ties to item.

18. Secure ties to carrier.

19. Increase or decrease tension of ties
during or after initial task.

20. Check out tie-downs during transi!
to verify connection and tension.

1 . Check wheels; lock tracks.

YES Adequate NO = Inadequate N/A Not Applicable

A-120



15 May 1log TOP 1-2-610

TASK CHECKLIST

-Tr-0 Funct-on Ch-aWkIat TRANSPORTABILITY

Futin SScui elUnfasten

$ubfunctton Prepare ior Use

Abbrev_ ___lon Prep

Soldier/Item Tasks YES NO N/A Comment

22. .cipaw age.

23. Remove item or components.

24. Assemble item.

25. Clean, lubricate, etc.

26. install, set up, and distribute item.

YES = Adequate NO Inadequate N/A Not Applicable
O A-1 21



15 May 1990 TOP 1-2-610

TASK CHECKLIST

*PORTABILITY/USABILITY

Eluofl~ n Subfunction kbyLatiA n Eng

Carry/Wear Item Don/Doff Don A-1 23
Carry/Wear Item Wear Wr A-124
Carry/Wear Item Carry Item Car A-1 25
Carry/Wear Item Perform Combat Functions Comb A-i 26
Utilize Item Prepare for Use Prep A- 1 27
Utilize Item Use Us A-128

S A-122



15 May 1990 TOP 1-2.810

TASK CHECKLIST

Test Function - Checklist PORTABILITY/USABILITY

Function Carry/Wear Item

Subfunction Don/Doff

Abbrevlbtlot0 Don

[est Title

Test Project No. Date

Soldleriltem Tasks YES NO N/A Comment

1. Put on or take off shirt, gloves,
boots, trousers, and protective
clothing.

2. Button, snap, and tie clothihg.

3. Attach or emplace load into or onto
pack, load carrier, or carrying
case.

4. Buckle straps, siiap catches, or
otherwise attach portable gear to
body, cartridge belt, or pack
harness.

YES = Adequete NO = Inadequate N/A Not Applicable

A-123



15 May 19Pa TOP 1-2.61L

TASK CHECKLIST

. Test Function - Checklist PORTABILITY/USABI L.ITY

Function Carry/Wear It6m

Subfunctlon Wear

AAbbrevlilon W rl

Soldier/Item Tasks YES NO N/A Comment

5. Wear clothing.

6. Wear personal equipment items
(backpack, cartridge belt, etc.).

9

YES = Adequate NO Inadequate N/A = Not Applicable

A-124



15 May 1990 TOP 1-2-610

TASK CHECKLIST

e Tst Function - Checklist PORTABILITY/USABILITY

Function Carry!Wear item

Subfuriction Carry Item

Abbrevisatloe Car

Soldier/Item Tasks YES NO N/A Comment

7. Carry item on back or body (no
hands).

8. Adjust carrying elements (straps
and holders).

9. Carry item in one or both hands.

10. Carry item by one or more
soldiers.

YES = Adequate NO Inadequate N/A = Not Applcable

SA-i125



15 May 1q90 TOP 1-2-610

TASK CHECKLIST

.- 1 Test Functon - Checklist PORTAS IiLITY/USABILITY

Function Carry/Wear Item

Subfuitction Perform Combat Functions

Abbreviation Comb

Soldier/Item Tasks YES NO N/A Comment

11. Fasten item securely Wo body to
prevent flapping or interference.

12. Discard item in emergency
(snagged on vegetation or barbed
wire).

13. Disconnect or raise item for wadirg
if wetting is a problem.

14. Carry item while performing
various combat tasks.

15. Eliminate noise sources caused by
or relative to the item.

16. Cover or modify visible or
reflecting surfaces to ensure
camouflage.

[ -. I

YES = Adequate NO Inadequate N/A = Not Applicable

0A-126



';5 May 1990 TOP 1-2-610

TASK CHECKLIST

. Test Function - Checklist PORTABILITY/USABILITY

Function Utilize Item

Subfunction Prepare for Use
Abbreviation Prep

Soldier/item Tasks YES NO N/A Comment

17. Open access flaps or covers.

1 e. Remove item from case.

19. Connect components.

20. Extend and fasten collapsible and
toWding components.

21. Manipulate adjustment controls.

22. Verify operational status.

23. Clean and adjust optics.

YES = Adequate NO Inadequate N/A = Not Applicable

SA.- 127



15 May 1990 TOP 1-2-610

TASK CHECKLIST

. Test Function - Checklist PORTABILITY/USABILITY

Function Utilize Item

Subfunction Use

Abbreviation Us

Soldier/Item Tasks YES NO N/A Comment

24. Put on and adjust item (goggles,
life preserver, etc.).

25. Use item as designed (dig,
illuminate, etc.).

YES = Adequate NO Inadequate N/A = Not Applicable

SA-128



15 May 1990 TOP 1-2-610TASK CHECKLIST

* ERECTABILITY

Prenare Layub npction Abbreviatn 3=

Prepare Layout/Inspect Insp A-130
Assemble Perform Subassembly Sub A - 13 1
Assemble Perform Major Assembly Assemn A-132
Verify Construction Final Inspection Fin A-133

A-129



15 Msy 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist ERECTABILITY

Function Propare

Subfunctlon Layout/inspect

AAbbreviation Inspp

ITest Tit!e

[Test Project No. Otte

Soidlerfttem Tasks YES NO) N/A Comment

1. Unpackage or uncover components.

2. Moý'e components into proper
relationship to each other
according to S.O.P. or technical
instructicns.

3. Check out structural integrity of
components as well as status of
moving or sliding parts.

S

YES = Adequate NO = nadequate N/A Not Applicable

5 A-130



15 May 1990 TOP 1-2-610

TASK CHECKLiST

Test Function - Chockilrt ERECTABILITY

Function Assemble

Subfunction Perform Subassembly

Abbrevlatlon Sub

Soldier/Item Tasks YES NO NiA Comment

4. Prepare connecting points (clean,

abrade, apply adhesive, etc.).

5. Join structural elements.

6. Insert and tighten fasteners and
connectors.

7. Align structural elements.

YES = Adequate NC Inadequate N/A = Not Applicable

A-131



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Functlon - Checklist ERECTABILITY1

Function Assemble

Subfunctlon Perform Major Assembly

A;brevallton Assaen

Soldier/Item Tasks YES NO N/A Commnt

8. Raise or move subassembly to
connection point.

9. Climb or stand on parts of item,
ladders, scaffolding, or waterctaft.

10. Manipulate subassembly into
proper position.

11. Mate and fasten components.

12. Insert gaskets.

"13. Connect cables, hoses, guywires,
and other elements as required.

YES = Adequate NO = Inadequate N/A Nnt Applicablo

A-132



1s May 1090 TOP 1-2-1110

TASK CHECKLIST

[Test Function -Chcklist ERECTABILITY

Function Verify Construction

ufunctlan HnM Inspectlon

lAbbrevlaHoioa Flnj

y .u.. .... ..wi n

Soldier/item Tasks YES NO NI/A Comment

14. Conduct "engineering" type test I
(strain, leakage, bearing strength,
etc.).

1 5. Drive or place maximum load on
item.

1 6. Visually inspect subassembly
placement and connection.

17. Manually determine status of
fasteners and connectors.

YIS ; Adequate N) Inadequale N/A Not Applicable

A-133



15 Ma~y 1990 TOP 1-2-610

TASK CHECKLIST

* HABITABILITY

Tra ý,slae/Transport Move About Mov A-i 35
Translate/Transport Transport Materiel Trans A-i 36
Perforrn On-tDty Activities Work Work A-137
Perform Off-Duty Activities Perform Rest & Relaxation R&R 11-138
Perform Off-Duty Activities Perform Living Activities Liv A-i 39

A-134



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Teut Function Checktist HABITABILITY

Function Tranalate/Transport

Subfbjnctlon Move About

Abbreviation Mov

Test Title

Test Project No. Date

Soller/Item Tasks YES NO N/A Comment

1. Move through hallways

2. Climb ladders.

3. Move through doors and hatches.

4. Identify location.

YES = Adequate NO Inadequate N/A Not Applicable

A. 135



15 May 1990 TOP 1-2-640

TASK CHECKLIST

Test Function - Checklist HABITABILITY

Function Transla te/Tra ns port

Subfunct:on Transport Materiel

Abbreviatlon Transi

Soldier/Item Tasks YES NO N/A Comment

5. Carry loads.

6. Move loads using transport aid.

7. Move loads to and from storage,

8. Secure or unsecure loads.

9. Mornitor loads during transport.

10. Read labels and warnings.

1 . Avoid obstacles.

0

YES = Adequate NO = Inadequate N/A Not Applicable

A-136



15 May 1090 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist HABITABILITY

Function Perform On-Duty Activities

Subfunction Work

AAbbreviation Work

Soldier/Item Tasks YES NO N/A Commient

1 2. Take position.

1 3. Stow or unstow equipment.

14. Inspect station.

1 5. Communicate.

1 6. Move about the buIding.

17. Occupy workspace.

13. Control workspece environment.

YES = Adequate NO inadequate N/A Not Applicable

0A-137



15 May 1990 TOP 1-2-610

TASK CHECKLIST

Test Function - Checklist HABITABILITY

Function Perform Off-Duty Activities

[Subfunctlon Perform Rest and Relixatiori

jAbbrevialtion R&R

Soldier/Item Tasks YES NO N/A Comment

19. Prepare area.

20. Stow or unstow equipment.

21. Control environment.

22. Sleep or rest.

23. Perform solitary activity.

24. Perform group activity.

I i ~ nr .1 . I

YES = Adequate NO Inadequate N/A Not Applicable

0 A-i138



15 May 1890 TOP 1-2-610

TASK CHECKLIST

0 Test Function Checklist HAB rITABILITY

Function Perform Off-Duty Activities

Subfunction Perform Llvina Activitles

Abbreviation Liv

Soldier/Item Tasks YES NO N/ A Comment

25. Stow or unstow items.

26. Perform self care.

27. Perform medical care.

28. Perform dental care.

29. Perform eating.

o0. Perform waste elimination.

31. Modify area decor.

YES = Adequate NO Inadequate N/A = Not Applicable

A-139



15 May 1990 TOP 1-2-610

* APPENDIX B

SAMPLE DESIGN CHECKLISTS

This appendix presents a series of sanioIe Design Checklists covering the twenty-two
Item Component categories listed in Figure 3 of HEDGE. These checklists should not be
used verbatim. Inappropriate items should be delciod and appropriate items should he
added in order to achieve a complete checklist. In the Design Checklists, MIL.STD-
1472D design requiremen~s are documented using paragraph references Other checklist
items are to be considered as guidance data 'MIL-HDBK-759, etc).

D2eslian CbQjhcI~ij1

1. LABELS, MANUALS & MARKINGS B - 2

2. STEPS, LADDERS, PLATFORMS, B- 1 6
HANDHOLDS & RAILINGS

3. DOORS. HATCHES & PASSAGES B - 2 9

4. EXTERNAL COMPONENTS B- 3 8

5. CCXJT1•-S BS- 4 7

6. SPECIAL CONTROLS B-147

7. DISPLAYS B- 15 5

8. SPECIAL DISPLAYS B-21 6

9. COMMUNICATIONS B-222
10. UNES, HOSES & CABLES B-235

11. WORKSPACE B-244

12. FASTENERS & CONNECTORS B-269

13. HANDLES B-279

14. OPTICS B-288

1 5. OPERATING ELEMENTS B-29 6

16. PACKAGING B-307
17, ACCESSES, COVERS & CAPS B- 31 5

18. MEASURES B-324

19. REPLACEABLE UNITS B-328

20. TEST ELEMENTS & TOOLS B-335

21. CLOTHING & PERSONAL EQUIPMENT B -342

22. STRUCTURAL COMPONENTS B-357

B-1



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

1. LABELS, MANUALS & MARKINGS

Functionality Function B- 3
Location & Arrangemnt Lw, B-6

Size & Shape Size B- 7
Visibility & Identification Vis B, 9

Safety Safety B- 1 2
Operating Procedures -14

B-2



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

C Components LABELS, MANUALS & MARKINGS

HF Conslderatlons Functionality

[Abbreviation Function

Test Title

Test Project No. Date

Detailed Design Considerations YES NO N/A A Comment

1. Controls, displays, and other items
of equipment are clearly marked
and labeled except in cases where
use is obvious to the operator.
(5.5.1.1)

2. Equipment subassemblies and parts
are clearly labeled. (5.5.6.1.1)

3. Load capacity is marked on lifting
equipment. (5.13.2.3)

4. Lubrication points are labeled to
show frequency and type of lubri-
cant. (5.9.5.2)

5. Where fasteners must be torqued, a
label is provided showing torque
values and tightening sequence.
(5.9.10.8)

6. Where appropriate, the center of
gravity and weight of equipment is
provided on a label. (5.13.2.2)

7. Hand grasp areas on equipment are
conspicuously labeled.(5.13.2.7)

8. Control labeling is functionally
based and includes calibration data
where applicable. (5.5.6.2.3)

YES = Adequate NO Inadequate N/A Not Applicable
S B-3



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components LABELS, MANUALS & MARKINGS

HIF Considerations Functionality (Cont.)

Abbreviation Function

Detailed Design Considerations YES NO N/A Comment

9. Trademarks and company names or
other similar markings not related
to panel or component function do
not appear on labeling. (5.2.1.3.8,
5.5.3.3)

10. Labels are concise with a minimum
of repetitive information.
(5.5.4.1)

11. Abstract symbols are used only if
meaningful. (5.5.4.2)

12. Labels are constructed to remain
legible for the life of the equip-
ment. (5.5.4.5)

1 3 Labels on production equipment are
as durable as the equipment.
(5.5.1.3)

14. Labels for prototype equipment are
easily affixed, altered, and remov-
ed. (5.5.1.3)

15. Markings and tags are as per-
manent as the equipment to which
applied and able to withstand
environmental and cleaning con-
ditions. (5.5.4.5)

16. Computer data groups or messages
have the content designated by a
title, word or similar device.
(5.15.3.1.10)

YES = Adequate NO = Inadequate N/A Not Applicable
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"15 May 1990 TOP 1-2-610
DESIGN CHECKLIST

Cn on onte LABELS, MANUALS & MARKINGS

HF ConLiln ratlona .............. Functionality (Cant.)

_Abb__._ _ _-n. Func,••n

Detalied Design Consideratonis YES NO N I A Comment

17. The relationchip of the computer
data label to the group, field, or
message being desribcd is un-
ambiguojs. (5.15.3.1.10)

0

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 19a0 TOP 1-2-610

DESIGN CHECKLIST

Components LABELS, MANUALS & MARKINGS

HF Considerations Location & Arrangement

Abbreviation Loc

Detailed Design Considerations YES NO N/A Comment

18. Labels are placed on or near the
Item to be identified. (5.5.2.2)

19. LabelE do not cover any other in-
formation and are not locateo
behind controls. They can be seen
easily by the operator and are not
obscured by the operator's hand
activating a control. (5.5.2.2)

20. Labels are located in a consistent
manner throughout the equipment
and system. (5.5.2.3)

21. Labels are not covered by other
equipment and are iocated on the
flattest, least cluttered, and clean-
est surface available.
(5.5.6.1.2)

22. Labels are mounted so that they
cannot be accidentally damaged or
removed. (5.5.6.1,2)

23. Where instructions are lettered on
hinged door, lettering is set so that
it can be read when the door is
open. (5.9.9.3)

24. Computer data labels are located in
a consistent fashion adjacent to the
data group or message they des-
cribe. (5.15.3.1.10)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* Components LABELS, MANUALS & MARKINGS

HF Conslderatlons Size & Shape

Abbreviatlon Size

Detailed Design Considerations YES NO N/AA Comment

25. Labels are graduated in size. Group
label characters are at least 25%
larger than those of individual
controls and displays. (5.5.6.2.5)

26. Control and display characters, in
turn, are at least 25% larger than
those identifying control positions.
(5.5.6.2.5)

27. Character height is determined by
reading distance and luminance in
accordance with Table XII in MIL-
STD-1472D.
(5.5.5.14, 5.5.5.15)

28. Letter and numeral styles are in
accordance with HEDGE FIGURES
C-1 to C-3. (5.5.5.3)

29. Character width:height ratio is 3.6
except:
"4" is 1 stroke width wider.
"M" & "W" = 4:5.
"1" and "1" are 1 stroke width.
(5.5.5.5, 5.5.5.6)

30. Stroke width for black characters
on light background is:
1/7 of character height min.,
1/6 of character height max.
(5.5.5.8)

31. Where dark adaptation or nighttime
legibility is required and white
characters are used on a black
background, the stroke width is:
1/8 of character height min.,
1/7 of character height max.
(5.5.5.9)

YES = Adequats NO inadequate N/A = Not Applicable
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15I May 1990 TOP 't,2-6'0

DESIC;N CHECKLIST

Components LABELS. MANUALS & MARKINGS

HF Conuld~rstlon-ý Size &• Shape (Cont.)
AbbrevIrtl :n Size

Detailed DrslGr. Consa'eretions YESj NO =A Comment

32. For t"ansiliu:ninated characiers,
the stroke width is Vl0l of the
charactur Ih•,ght. (b,,,.,.,.10,

33. Spacing between charactrs is a
minimum of one stroke.
(5,5.5.11)

34. Spacing between words is .a min-
imum of one character.
(5.5.5.12)

35. Line spacing is a minimum of 1/2
the character height.(5.5.5.13)

36. Numerals on counters have sep-
aration of 1/4 to 1/2 of character
width.(5.2.6.2.3)

5 YES = Adequate NO Inadequate N/A Not Applicable

B-,8



15 May 199fl TOP 1-2-610

DESIGN CHECKLIST

Comentpnt a LABELS, MANUALS & MARKINGS

HF Considerations Visibility & Identification

Abbrevlatlon Vis

Detailed Design Considerations YES NO N/A Comment

37. Labels are accessible and visible
during maintenance. (5.9.4.3)

38. Vertical labels are used only when
the labels are not critical for
personal safety and performance
and space is limited. (5.5.2.1)

39. Signs are all capitals except for
instructional material.
(5.5.5.4.4)

40. Extended copy (instructions) is in
lower case letters. (5.5.5.4.4)

41. Abbreviations are capital letters,
periods being omitted except when
there is a possibility of misinter-
pretation. (5.5.3.2)

42. Label characteristics are consis-
tent with the following:
a) Accuracy of identification

required.
b) Time available for response.
c) Reading distance.
d) Illuminant level and color.
e) Criticality of function.
f) Consistency of label design

within and between systems.
(5.5.1.2)

43. Labels are easily read at opera-
tional reading distances with
vibration/motion and lighting lev-
els taken into consideration.
(5.5.4.3)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* Components LABELS, MANUALS & MARKINGS.

HF Considerations Visiblilty & Identification (Cont.)

Abbreviation Vis

Detailed Design Considerations YES NO N/A Comment

44. Label color provides contrast with
equipment. (5.5.4.6)

45. Where dark adaptation is required,
white characters on a dark back-
ground are used. (5.5.5.2)

46. With iliumination above .9 ft-c
(10 lux), black letters on a light
background are used. (5.5.5.1)

47. For dark adaptation, characters are
visible and do not interfere with
night vision. (5.5.5.2)

48. When letters, etc., are viewed by
means of television, they are light
against a dark background.
(5 10.4.6)

49. Numerals are Arabic rather than
Roman. (5.15.3.5.6.4)

50. OpticPl projections:
Characters are all caps.
Stroke width is 1/6 to 1/8 of
character height.
Width subtends at least 15 arcrnin.
(4 mrad) of visual angle.

51. Where chart reading is requir9d,
materials conform to requirements
of Table XXII of MIL-STD.1472D.

52. Functional groupings of components
are set apart by outlining with
contrasting lines which completely
encompass the groups.
(5.1.2.1.1.3)

YES = Adequate NO inadequale N/A Not Applicable

B. 1 o



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S JComponents LARELS, MANUALS & MARKINGS

HF Considerations Visibility & Identification (Cont.)

Abbreviation Vis

Detailed Design Considerations YES NO N iA Comment

53. Noncritical functional groupings of
components are outlined with a
1/16 in. (1.5 mm) black border.
(5.1.2.1.1.3)

54. Emergency or extremely critical
components are outlined with a
3/16 in (5 mm) red border.
(5.1.2.1.1.3)

55. Computer data labels are high.
lighted or otherwise accentuated.
(5,15.3.1.10)

56. The technique used to accentuate
computer data !abels is different
from, and easily distinguished
from, that used to highlight or code
emergency or critical messages.
(5.15.3.1.10)

57. Computer data labels are unique
and meaningful. (5.15.3.1.10)

58. Computer data labels are displayed
in upper case only. (5.15.3.1.10)

59. Abbreviations, mnemonics, or
codes used in computer data labels
are distinctive and have an asso-
ciation to normal language or job-
related terminology. (5.15.2.1.9)

YES = Adequate NO Inadequate N/A Not Applicable

B-1 I



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

[components LABELS, MANUALS & MARKINGS

HIF Considerations Safety

Abbreviation Safety

Detailed Design Considerations YES NO N/A Comment

60. Equipment which presents per-
sonnel hazards has a conspicuous
warning placard. (5.13.2.1)

61. Where protective equipment is
necessary, this is specified by a
warning placard. (5.13.2.4)

62. "NO STEP" warning labels are
prcvided where personnel injury
or equipment damage could result.
(5.13.2.5)

63. Electrical receptacles are clearly
marked with voltage, phase, and
frequency characteristics.
(5.13.2.6)

64. Pipe, hose, and tube lines are
clearly labeled as to contents,
pressure, temperature, and haz-
ards. (5.13.3)

65. Warning placards are well illum-
inated. (5.13.4.5)

66. Warning notices are clear and
direct. Characters are 25% larger
than any following instructions.
(5.9.9.3)

67. Placards are placed adjacent to
hazards. (5.13.2.1)

68. Circuit breakers are labeled and
easily accessible. (5.9.17.2.3)

YES = Adequate NO = Inadequate N/A . Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

""Cmponents LABELS, MANUALS & MARKINGS

HF Considerations Safety (Coni.)

Abbreviation Safety

Detailed Design Considerations YES N,) N/At Comment

69. Items which weigh more than the
one-oerson lifting limits given in
paragraph 5.9.11.3.1 are prom-
inently labeled with the object
weight and lifting limitations.

YES = Adequa'e NO I Inadequate N/A Not Applicable

B- 13



15 May 1990 TOP 1.2-610

DESIGN CHECKLIST
Components LABELS, MANUALS & MARKINGS

iF Considerations Operating Procedures

LAbbrt.vistio-o Op

Detailed Design Considerations YES NO N/A Comment

70. Printed information is directly
usable with a minimurn of decoding
and interpolation. (5.2.1.3.3)

71. Labels do not describe :he engine-
ering characteristics or nomen-
clature of the piece of equipment, if
at all possible. (5.5.3.1)

72. Abbreviations are standard and
conform to MIL-STD-12, MIL-
STD.411 or MIL-STD-783. New
abbreviations have obvious mean-
ing.

73. Instructional material in excess of
several lines may use upper and
lower case characters. For brief
instructional material all capitals
are preferred with a larger first
letter of each paragraph, step, or
procedure permitted. (5.5.5.4.3)

74. Axes of graphs are labeled.
(5.15.3.6.4)

75. Linear scales are used for graphs.
(5.2.3.1.4)

76. Scale graduations progress by 1,2
or 5 urits or dec~rnal multiples of
these. (5.2.3.1.5. 1)

77. The number of mirior or inter-
mediate marks between numerical
scale pointers is nine or less.
(5,2.3.1.5.2)

YES = Adequate NO = Inadequate N/A = Not Applicable
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"15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Cornpa onents LABEIL.S, MANUALS & MARKINGS

HF- Considerations _Operativig Procedures (Cont.)

Abbreviatlon Op

- Detailed DesIgn Considerations YES NO N/A Com1mment

'78. Scale numerals are integers start-
ing at zero unless this is precluded
by the nature of the measurement
or function. (5.2.3.1.6)

79, Aircraft advisory, caution and
w3rning !egends conform to the re-
quirements of MIL-STD-411.

0

SYES =Adequate NO l nad~quate N/A =Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

2. STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAILINGS

.. IfI:.I Abbylziaitgn 1E
Functionality Function B- 17

Location & Arrangement Loc B- 18

Size & Shape Size B- 20

Visibility & Identification Vis B-22

Use Conditions Use B-23

Safety Safety B- 2 5

Operating Procedures (• B- 2 8
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

O Components STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAIL.INGS

HF Considerations Functlon.ality

Abbreviation Function

Test Title

Test Project No. Date

Detailed Design Considerations YES NO N/A Comment

1. Adequate footholds are provided for
crew to reach work site from
ground. (5.14.3.2)

2. Handholds are provided for emer-
gency evacuation.
(5.14.4.1.7)

3. Stair ladders are metal with the
tread open at the rear. (5.7.7.3)

4. Stairs, ladders, platforms, and
ramps are designed to withstand
heaviest combined weight of user
plus equipment plus safety factor.

5. Stairs, stair-ladders, fixed ladders
and ramps are equipped with a
handrail on each side. (5.7.7.1.3)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

OComponents STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAILINGS

HF Consideratlons Location & Arrangement

Abbreviation Loc

Detailed Design Considerations YES NO N/A Comment

6. Sequence of stepping points ends
with proper orientation to door or
entryways.

7. Where a ramp is used for both
pedestrian and vehicle traffic, the
vehicle surface is in the center of
the ramp and the pedestrian sur-
face is next to the handrails.
(5.7.7.5.2)

8. Step surfaces within or without
workspace are easily reached from
either direction.

9. Fixed ladders between several
levels are offset at each succeeding
level. (5.7.7.4)

10. Simultaneous two-way traffic uses
separate up/down ladders.

11. Handholds are furnished where
needed and are within easy reach.
(5.14.3.2)

12. Handholds are integrated with doors
and entryways for stability.

13. Handholds do not intrude into
workspace, snag clothing or
provide a safety hazard. (5.7.1.2)

14. Stairs and steps are not used where
loads in excess of 29 lb. (13 kg) is
required. (5.7.7.1.2)

YES - Adequate NO = Inadoquate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

O Components STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAILINGS

HIF onsieratonsLocation & Arrangement (Cont.)

AbbrevationLoc

Detailed Design Considerations YES NO N/A Comment

15. Trailer vans or other shelters with
floors over 18 in. (45.72 cm)
above ground have steps, stairs, or
ladders. (5.12.7.2)

16. Use of stairs, stair-ladders, fixed
ladders and ramps conforms to
FIGURE 33 in MIL-STD-1472D.
(5.7.7.1,1)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* ECorpnsntI STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAILINGS

HF Considerations Size & Shape

Abbrevlstion Size

Detailed Design Considerations YES NO N/A Comment

17. Stair dimensions conform to
FIGURE 34 in MIL-STD-1472D.
(5.7.7.2)

18. Stair-ladder dimensions conform
to FIGURE 35 in MIL-STD-1472D.
(5.7.7.3)

19. Fixed ladder dimensions conform to
FIGURE 36 in MIL-STD-1472D.
(5.7.7.4)

20. Where cleats are provided on
pedestrian ramps, spacing between
cleats is 14 in. (360 mm).
(5.7.7.5.1)

21. Gross (limiting) dimensions based
on 5th & 95th percentile body
dimensions of users are conformed
to as expressed in TABLES XIII to
XVII in MIL-STD-1472D.

22. Stair, stair-ladder, fixed ladder
dimensions do not exceed the
maximum dimensions given in
FIGURES 34 to 36 in MIL-STD-
1472D.

23. Platform to work surface distance
is 6 in. (15.24 cm) max.

24. Platforms are 2 ft. x 3 ft. (.61 m
x .91 m) mrin,

25. Handrail dimensions are consistent
with FIGURES 34 to 36 in MIL-
STD-1472D.

YES = Adequate NO =Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

O Components STEPS, LADDERS, PLATFCRMS, HANDHOLDS & RAILINGS

HF Considerations Size & Shape (Cont.)

lAbbrevlatlon Size

Detailed Design Considerations YES NO N/A Comment

26. Handhold length is a minimum of 6
in.(15.24 cm).

27. Handhold opening has minimum
dimensions of 6 in. x 4 in. (15.24
cm x 10.21 cm).

28. Handholds are shaped to provide a
suitable grip.

29. Folding ladder lift height is 5 ft.
(1.5 rn) maximum.

30. Finger clearance is provided in
folding steps and telescoping lad-
ders. (5.13.7.2.2)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1;90 TOP 1-2-610

D!E-AGN CHECKLIST

ComFonents STEPS, LADDERS, PLATFORMS, HAN!,HOLDS & RAILINGS

HF Consideratlons Visibili-ty & identification

Abbrevitlo.n Visj

Detailed Dcs'gn Considerations YVE.S .N ., Ca•m joment

31. Stairway ilumination lev61 is.
20 ft c.(215 lix) recurmmended,
10 .t-c (110 lux) min
(5.13.,4.5)

32. Visual obstructions or blind toot-
holds are avoided. (P.13.4.4)

33. Treads contrast with structure and
are conrspicuous in dim light.

34. For reduced lighting, reflective
materials are used.

35. Handholds are coded to enhance
visibility and prevent grasping
error.

36. Handholds are marked and iden-
tified. (5.13.2.7)

37. Footholds are marked and iden-
tified. (5,7.8.3)

38. "No Step" markings are provided if
applicable. (5.13.2.5)

YES = Adc•quate NO = Inadequate W/, 1=ot Applicalle
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAILINGS

HF Considerations Usa ConditionsI

Abbreviation UseI

Detailed Design Considerations YES NO N/A Comment

39. Handholds accommodate use of
arctic mittens as prescribed in
FIGURE 2-12 in MIL-HDBK-759A
(MI).

40. Stairs, ladders & platforms accom-
modate 5th to 95th percentile
users wearing arctic clothing per
TABLES 2-9 and 2-10 in MIL-
HDBK-759A (MI).

41. Step width and spacing accom-
modate user wearing boots per
TABLE 2-9 in MIL-HDBK-759A
(MI).

42. Folding ladder latches, locks are
operable while wearing arctic mit-
tens per FIGURE 2-12 in MIL-
HDBK-759A(MI).

43. Handhoids are useable with gloves

or arctic mittens. (5.14.4.1.7)

44. Steps are usable if wet or icy.

45, Ruog ladders are not used for fre-
quent passage.

46. Two-section extension ladders have
captive hardware.

47. Wheeled platforms have wheel
locks.

48. Access is provided between areas.

49. Stairs and ladders accommodate
5th-951h percentile user wearing
arctic clothing.

YES Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 12.4610

DESIGN CHECKLIST

. Components STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAILINGS)

HF Conliderartions Use Conditions (Cont.)

Abbrevlatlon Usej

Detailed Design Considerations YES NO /A Comment

50. Handholds are usable if wet or icy.

51. Handgrip is usable with bare hands
in hot climates and high tempera-
ture. (5.9.11.5.7)

52. Collapsible handholds are erectable
while wearing arctic mittens.
(5.9.11.5.3)

YES = Adequate NO Inadequate N/A Not Applicable

B-24



IE May 1990 TOP 1-2 610

DESIGN CHECKLIST

Components STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAILINGS

HF Considerations Safety

Abbreviation Safety

Detailed Design Considerations YES NO N/A Comment

53. Stairs, stair-ladders, and ramps
with handrails which open on one
or both sides have intermediate
guardrails. (5.7.7.1.3)

54. Exterior personnel platfoims and
work areas have open metal grating
or nonskid surface. (5.7.7.6)

55. Open sides of personnel platforms
have:

a) Guardrails with intermediate
rails.

b) A lop rail with height of 42 in.
(1.07 m) minimum.

c) Rails set back from edge 2 1/2
in. (65 mm) minimum.

d) Toeboard or guard screen with
height of 3 in. (75 mm) min.

(5.7.7.6)

56. Stairs, ladders, hand-rails have a
nonslip surface. (5.7.7.3)

57. Handrails, safety bars, or chains
around platforms or stair openings
are placed 42 in. (1.067 m)
above standing surface. (5.7.7.6,
5.13.6.2)

58. Where personnel movement is
required inside a vehicle in motion,
adequate handholds are provided and
are 36 in. (915 mm) above the
walking surface. (5.14.3.5.2)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S IComponents STEPS, LADDERS, PLATFORMS, HANDHOLDS & RAILINGS

HF Considerations Safety (Cont.)

Abbreviation Safety

Detailed Design Considerations YES NO N/A Comment

59, Self-locking devir'.es are used on
elevating stands and platforms.
(5.13.6.1)

60. Ladders are not provided when
equipment is to be hand carried.
(5.7.7.1.2)

61. Fixed ladders over 20 ft. (6 m) in
height are equipped with a device to
provide protection from falls.
(5.7.7.4)

62. Safety mesh is installed under open
gratings. (5.13.6.3)

63. Ladders and stairs have a nonslip
surface. (5.13.4.3)

64. Step openings have safety bars or
chains. (5.13.6.2)

65. Obstructions and sharp edges are

G6. Ladders are locatod away from
moving paris and electrical sources
anid other hazards. (5.13.5.2)

67. Movable ladders have non-slip feet.

68. There are no obstructions or pro-
jections on stairs or ladders to snag
bulky clothing.

YES = Adequate NO = Inadequate N/A = Not Applicable
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',5 may 1990 TOP 1-2-610
DESIGN CHECKLIST

OComponents STEPS, LADDERS, PLAT-FORMS, HANDHOLDS & RAILINGS¶

HF Considerations ______________ Safety (Z.ont.)j

Abbrreviation SafetyI

Diptalled Design Considerations YES NO N/A Comment

6S. Portable ladder conforms to lifting
limits for one soldier:
Lip to 3 ft. (.92 m)
87 lb. (39.5 kg) max.UJoI. ft._I 15 in
56 lb. (25.4 kg) max.
(5.9.11.3.1)

70. Inappropriate structures or wires
cannot be used as hand holds.
(5.9.13.6)

71. Railings have no projections or
snags.

72. Elevalors, inclinators, and hy-
draufic work platforms, when prc-
vided, have:
a) Maximum load signs.
b) Lift ccntrol guards.
c) Limit stops.
d) Aumomatic fail-safe brake.
e) Provision for manually lower-

ing platform or elevator.
f) Metal grating or nonskid sur-

face.

73. Warning labels are attached for
hazards. (5,13.2.1)

YES = Adequate NO n ;nadequaie N/A Not Applicable
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1i May 1990 TOP 1---610

DESIGN CHECKLIST

S Compon..ts STE"P$,', LADDERS, PLATFORMS, HANDHOLDS & RAILINGS

HF Conalderatlona Operating Procedures

Abbreviation01

Detailed Design Considorations YES NO IN/A Comment

74. Ladderi' tire carried, positioned, or
handled by 2 soldiers maximum.

75. Procedures are available for
stowing, placing laddprs, ramps,
platforms.

YES = Adequ.!f NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2.610

DESIGN CHECKLIST

6 3. DOORS, HATCHES & PASSAGES

Contents ALLktLIYIS.L2nRa
Functionality Function B-30

Size & Shape, Location & Arrangement Size B - 3 1

Direction & Force Dir B-33

Visibility & Idrntification Vis B-34

Use Condticns Use B-35

Safety Safety B-36

S B-29



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S Components DOORS, HATCHES & PASSAGES

HF Considerations Functionality

Abbreviation Function

STitle
Test Project No. Date

Detailed Design Considerations YES NO N/A Comment

1. Wall hatches are flush with the
floor wherever structurally pos-
sible. (5.7.8.2.1)

2. Hatches open with a single motion
of hand or foot. (5.7.8.2.1)

3. Sliding doors are not installed as
the only personnel exit. (5.7.8.1)

4. Doors are designed to minimize
jamming. (5.14.3.4.1)

5. Suitable handholds are provided
where necessary. (5.14.3.2)

6. Suitable footholds are provided
where necessary. (5.14,3.2)

7. Latch handle placement is uniform
throughout the test item.
(5.14.3.4.2)

8. Doors and hatches are quick op-
ening, easily operated, and have
standard latch handle operation
throughout. (5.14.4.2.3)

9. Overhead hatches are padded inside
and equipped for hand operation.

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S Components DOORS, HATCHES & PASSAGES

HIF Considerations Size & Shape, Location & Arrangement

Abbrovlatlon Size

Detailed Design Considerations YES NO N/A Comment

1 0. Clearance dimensions for passage-
ways and accesses are based on the
95th percentile values for applic-
able body dimensions from TABLES
XIII - XVIII in MIL-STD-1472D.
(5.6.3.2)

11. Fixed equipment is located 3 in.
(75 mm) minimum from swept
area of doors. (5.7.8.1)

12. Dimensions of rectangular hatch
conform to requirements of FIGURE
37 in MIL-STD-1472D as follows:

a) Light clothing:
Tog and bottom access:
Depth: 13 in. (33 cm) min.
Width: 23 in. (58 cm) min.

Depth: 26 in. (66 cm) min.
Width: 30 in. (76 cm) min.

b) Bulky clothing:
Top and bottom access:
Depth: 16 in. (41 cm) min.
Width: 27 in. (69 cm) min.

Depth: 29 in. (74 cm) min.
Width: 34 in. (86 cm) min.

(5.7.8.2.3, 5.7.8.3)

13. Minimum diameters for oval hatch
in armored vehicle are 17, 28 in.
(43, 71 cm). (5.7.8.3

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S Components DOORS, HATCHES & PASSAGES

HF Considerations Size & Shape, Location & Arrangement (Cont.)

Abbreviation Size

Detailed Design Considerations YES NO N,'A Comment

14. If "step down" through a top access
exceeds 27 in. (69 cm), appro-
priate footrests and step.s are pro-
vided. (5.7.8.3)

15. Minimum diameter for circular
hatch or tunnel is 30 in. (76 cm).
(5.7.8.3, 5.14.3.3.1)

16. Tunnel dimensions permit the
passage of the user with equipment
and clothing. (5.14.3.3.2)

1 7. Corridor width is based on peak
load, traffic flows and number and
size of entrances per FIGURE 2-275 in MIL-HDBK-759A(MI).

5 YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 'TOP 1-2-610

DESIGN CHECKLIST

Components DOORS, HATCHES & PASSAGES
HF Considerations Direction & Force

Abbreviation Dir

Detailed Design Considerations YES NO N/A Comment

18. The maximum hatch handle un-
locking force is 20 lb. (90 N).
(5.7.8.2.2)

19. Overhead hatch has maximum
opening force of 50 lb. (220 N)
and is operable by a suitably
equipped and clothed user with 5th
percentile arm and hand strength
per FIGURE 21 in MIL-STD-
1472D.
(5.7.8.2.2)

20. Emergency exit release handle re-
quires maximum force of 25 lb.
(110 N) in the lateral direction
and 45 lb. (200 N) maximum pull
force. (5.14.4.2.4)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 Mey 1990 TOP 1-2-610

DESIGN CHECKLIST

SnComponents ----.. DOORS, HATCHES 7 PASSAGES

HF Considerations _____Visibility & Identification.
Abbreviation WSV

Detailed Design Considerations Y NO A Comment

21. Passageway illumination level is:
20 ft-c. (215 lux) recommended,
10 ft-c. (110 lux) rnrin
(5.8.2)

22 Exits are ldentifiab;e in dim light.
(5.14.3.1.1)

23. Clear visual indication of atch
handle position is provided.
(5.10.1.4)

24. Emegency lights:
a) Are located at each exit.
b ) Have self-contained power.
c) Are automatic.
d) Are removable for emergencies.

"" (5.14.4.2.1)

25. Correct movement of latch handle
is diagrammed and labeled.
(5.14.3.4.2)

26. Hallway boundaries are clearly
marked.

27. Door jamb or coaming height
allows full view of step point.

YES = Adequate NO inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components DOORS, HATCHES & PASSAGES

HF Considerations Use Conditions

Abbreviation Use

Detailed Design Considerations YES NO N/A Comment

28. Handles and handgrips are usable
with arctic mitts. (5.9.11.55)

29. Hadles can be reached arn operated
by troops in bulky clothing.

30. Entry and egress is possible while
wearing vapor barrier boots.

31. Windows intended for viewing (as
opposed to those providing general
illumination) do not ice up.

S

YES = Adequate NO Inadequate N/A Not Applicaboe
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15 May 1990 lOP 11,..81u

DESIGN CHECKLIST

O Components DOOR;S, HATCrHES & PASSAGEES.
HIF Considerstlons

HAbbreviation

Detailed Design Considerations YES NO N/A Comrnort

32. Exit instructions are legible, brief
and clearly worded. (5.14.3.1.1)

"33. Passage floors are non-slip.
(5.14.3.6)

34. Emergency evacuation of all per-
sons can be completed within 60
seconds, using only one-half of the

exits. (5.14.4.1.2)

35. Doors and emergency exits are
easily reached, unobstructed and
quick-opening (3 sec. maximum).
(5.14.4.1.2)

36. Hatches over 72 in. (1.83 m)
above ground have evacuation aids
such as slides, poles, ladders and
ropes. (5.14.4.1.6)

37. Ropes, as evacuation aids, stand off
from structure to permit use by
more than one person at a time.
(5.14.4.1.6)

38. Escape openings are smooth edged,
have no obstructions and permit
passage with survival equipment.
(5.14.4.2.2)

39. Escape exits do not open inad.
vertently (5.14.4,2.5)

40. Escape exit handles b not lock-
wired. (5.14.4.2.5)

41. Corridors have non-skid floors.

YES = Adequate NO = Inadequate N/A = Not 1,pplU;:ble

1B336



15 Mey 1990 TOP 1-2-610

DESIGN CHECKLIST

C Components DOORS, HATCHES & PASSAGES

HF Considerations Safety (Cont.)

Abbreviation r__Safety

Detailed Design Considerations YES NO N/A Comment

42. Glass in doors is shatterproof.

43. No hazards or obstrioctions are
found in entryways or on either
side.

0

0 YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-24610

DESIGN CHECKLIST

4. EXTERNAL COMPONENTS

Akkbrjxla.ILgnEa
Functionality Function B-39

Location & Arrangement, Size & Shape Loc B -4 1

Clearance & Separation Clear B-42

Visibility & Identification Vis B-43

Use Conditions Use B-44

Safety Safety B-45

Operating Procedures CI B-46

0
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

C Components .EXTERNAL COMPL NTS

HF Conslderetlona Functionality

Abbreviation Function]

Test Title

Test Project No. Date

Detailed Design Considerations YES NO N/A Comment

1. Trucks have glara-proof, west
coast type and 3potter mirrors on
each side of the cab. (5.12.5.5)

2. Winch and vehicle power trains are
capable of simultaneous operation.
(5.12.9.4.2)

3. Winch controls are operable from
cab as well as from winch.
(5.12.9.4.4)

4. Windshield wiper blades return to
stored position when turned off.
(5.12.5.8)

5. Windshield wipers and washer are
provided. (5.12.5,8)

6. Windshield wipers can be operated
manually if power fails.
(5.12.5.8)

7. Combat vehicle fuel tanks with
capacity over 50 gal. can be re-
fueled at 50 gal./min. (189.25
I/min.)

8. Fuel tanks with capacity under 50
gal. (189.25 1) can be filled
within one minute.

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESI(GN CHEICKIST

"F Components ....... EXTERNAL COMPONENTS

oHF Considerations Functionality (Cont.)

lAbbr."latln Function

Detailed Design Considerations YES NO NJA Comment

9. Compressed air. vacuum brake re-
servoir has warning system.

10. Mirrors are braced against vibra.
tion.

--- -=

YES = Adoquate NO = Inadequate N/A Not Applicable
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15 May i9ROq TOP 1.2-610

O DESIGN CHECKLIST

Comnporlenta _______ EXTERNAL COMPONfENTS

rF CConhderstjons L.ocation & Arrangament, Size & Shape

Abbroviatlort Loc

Detailed Design Considerations YES NO M/A Comment

11. Components roquiring adjustment
are readily accessible.
(5.12.9. 1.3)

12. Drain valves are minimum in
number, readily accessible, reli-
able, hand-operated.
(5.12.9.1.1)

13. Munition lie-down facilities are
easily insialed/removed.
(5.12.7.1.3)

14. Trailer brake controls are within
reach when positioning trailer
manually and are not exposed to
traffic. (5.12.7.1.1)

15. Fuel fillpipe is located outside cab
or body.

16. Drain plugs and valves are same
size, or number of sizes is mini-
mized. (5.12.9.1.1)

17. Eattery terminals are of different
sizes and polarity is marked.
(Z.12.9.1 .4)

YES = Adequate NO Inadequate N/A Not Applicable
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i5 Mmy 190 TOP 1-7-610

DESIGN CHECKLIST

OCo mp n M, it _ ...... ...... . EXTERNAL COMPONENTS

HF Cons lderst Ions Cloarance & Soparation

Abbr.vistloih C 4-a- .

De~talled Desigi, Conslcderatione YES NO N/A Comnment

18 8 D)ual wheels allow inner a,,d o lor

tirWs Zo be checked/inflated.

V -. Spare tire is easily removed and
reL'aced in carrier with vehicle
fully loaded. (5.12.9.2.2)

20, Spare tire can be checked and in-
flated when stowed. (5,12.9.2.2)

2 ' H Firnged accss covers open down.

-O

YES Adequate NO inadequate N/A Not Applicable
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15 May 1990 *roP 1-2-610

DESIGN CHECKLISTIComponents EXTERNAL COMPONENTS
HF Consid.rations Visibility & identification I

LAbbrvi at ion Vis

Detailed Design Considerations YES NO N/A Comment

22. Electrical connections are labeled.
(5.13.2,6•

23. Filters are accessible for inspec-
tion. (5.12.9.1.2)

24. Fuel, oil, coolant and hydraulic Ull
"points are labeled as to type/gr3de.
(5.13.3)

25. Pipes, lines, hoses and dip sticks
care color-coded and labeled.
(5.13.3)

26. Timing marks and other indicators
minimize parallax and are readily
visible. (5.12.9.1.3)

27. Tire pressure is labeied. (5.13.3)

28. Winsh instruction is visible.
(5.12.9.4.1)

29, Winch operation is observable
from both winch 3nd cab locations,
(5.12..9.4.4)

30. Fuel tank capacity is labe!ed.

31. Airbrake and hydraulic hoses are
identifiable ai each end.

32. Components which must be visible
are color-coded and contrast with
background.

"YES = Adequate NO = Inadequate N/A Noi Applit-able
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Is May 19i0 TOP 1-2-610

DESIGN CHECKLIST

Componen.. EXTERNAL COMPONENTS

HF Considerations Use Conditions
Abbrovlallor, Use

Detailed Design Considerations YES NO N/A Comment

33. Components can be handled, re-
moved, installed using arlic mitts.
(5.9.11.5.5)

34. Battery compartment has space ior
heating pads and insulation used to
winterize vehicle.

35. Components are within reach of
user wearing bulky or restrictive
clothing.

36. Small parts handled with arctic
mitis are captive.

27. Speial handling, assembly and
operating procedures and pre-
cautions for cold weather are
provided.

YES = Adequite NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

Components EXTERNAL COMPONENTS

HF Considerations Safety

Abbr vlotion Safety

Detailed Design Considerations YES NO N/A Comment

38. Weight capacity Is indicated on
stands, lifts, hoists and jacks.
(5.13.2.3)

39. Battery compartment is well ven-
tilated.

40. Bus exhaust pipe extends beyond
rear of vehicle body.

41. Exhaust system is located and pro-
tected so user cannot contact hot
surfaces.

42. Fuel tank and lines are not within
vehicle body.

43. Safety chains do not damage or
disconnect air lines, hydraulic
lines or electrical cables.

44. Two separate ways to apply brakes
are provided.

YES = Adequate NO Inadequate N/A : Not Applicable

B-45
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15 May 1990 TOP 1-2.610

- -C-tDESIGN CHECKLIST(ComPonents 
___________EXTERNAL 

_COMPONENTS
H F ~ C e n u g d e r ntlo n e ...... ......__ _ O p e r a ti n g P r o c e d u r e s•

Abbrevlatlon __'Op

Detailed Design Considerations YES NO N/A Comment

45. Special tools for operational ad-
jusiment are mounted nearby.
(5.9.1.2)

46. Winch cable is easily played out by
one soldier. (5.12.9.4.3)

47, Battery can be removed by one
soldier.

48. Jacking operation is fr-asible.

A YES = Adequate NO = Inadequate N/A : Not Appilcable
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15 May '1990 To.)P 1.2-610

DESIGN CHECKUST

5. CONTROLS
~on1snln AhhmJxWAin a

CON'rROLS - Furctionality Function B- 4 8
CONTROLS - Location & Arrangement Loc 8-5 1
CONTROLS- Size & Shape Size B-55
CONTROLS - Direction & Force Dir B-56
CONTROLS . Visibility & Identification Vis B-5,
CONTROLS- Operating Procedures Cp B-59

ROTARY S)E.ECTOR 13VWTCHES Rot Sol B-60
KEY-OPERATED SWITCHES Key Op B-63
DISCRETE THUMBWHEEL Disc Thumb B-64
C•NTINUOUS ROTARY KNOBS Cent Krob B 67
CINNGED ROTARY KNOBS Gang Knob B-70
CONTINUOLUS THUMBWHEELS Cont Thumb B-73
CRAP'kS Crank B-75
HANDWHEELS Hand Wheel B-78
PlJSHBUTTON*S (FINGER OR HAND OPERATED) Push Hand B-81
PUSHBUTTONS (FOOT OPERATED) Push Foot B - 8 4
KE-YEARS Keyboard B-87
FIXED FUNCTION KEYS Fixed Key B-90
VARIA9LE FUNCTION KEYS Var Key B-92
TOGGLE SWrTCHES Toggle B-93
LEGEIND SWITCHES Legend B-96
ROCKER SWITCHES Rocker B-98
SUDE SwrTCHES Slide B- 10 0
"DISCRETE PUSH-PULL CONTROLS Push Pull B-1 02
PRINTED CIRCUIT SWITCHES Print Circ B-1 0 6
LEVERS Lever B-107
DISPLACEMEN4T (ISOTONIC) JOYSTICKS Disp Stick B. 1 0 9
FORCE (STIFF OR ISOMETRIC) JOYSTICKS Force Stick B- 1 14
BALL CONTROLS Bali B- 1 17
"GRID & STYLUS DEVICES Grid B- 12 0
FREE MOVING XY CONTROLLER (MOUJSE) Mouse B-122
LJGH'r PEN Ught Pen B-124
PEDALS Pedal B- 12 6
HIGH FORCE CONTROLS High Force B-130
MINIATURE CONTROLS Min B-131
TOLICH-SCREENS Touch B- 13 2
CIRCUfT BREAKERS Breaker B-134
CONTROLLED CURD-S Cursor B- 135
COMPUTER DATA ENTRY Data Entry B-13 7
II-TERACTIVE COMPtJTER CONTROL Int Control B-138
MENU SE.ECTION COMPUTER CONTROL Menu B- 1 41
FORM RLUNG COMPUTER CONTROL. Form B .. 14 2
COA#vAND LANGLVGE C',PUTER CONTkR Cmd Lang B-143
TEXT/PROGrjA, EDIT:NG CONTROL Edit B-146
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16 May 1990 TOP 1-24610

DESIGN CHECKLIST

Components -- -CONTHOLS

HF Considerations _____________ Functionality

Abbreviation Function

['_Test Title

Teat Project No. Data

Detailed Design Considerations YES NO NI. Comment

1. Control motion is mininized, not
cycled through ON/OFF unneces-
sarily. (5.4.1.3.1)

2. Critical and sensitive adjustment
controls are located or guarded to
prevent accidental activation.
(5.9.3.5, 5.4.1.8.1)

3. If there is a possibility of in-
advertent activation causing a
hazardous condition, controls are
recessed or shielded by a physical
barrier. (5.4.1.8.4)

4. Retsistance is built-in so that defi-
nite or sustained effort is required
for activation.
(5.4.1.8.4)

5. "Dead-man' controls are used when
operator incapacity can produce a
critical condition. (5.4.1.8.5)

6. Controls are uwable in the time
required despite protection against
inadvertent operation (guards).
(5.4.1.8.3)

7. All controls have appropriate
scales or indexing.
(5.2.3, 5.5.6.2.1)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2,610

DESIGN CHECKLIST

Components ____CONTROLS
HF Conaldsrstlont Functionality (Cont.)

iAb ,v. iallo r Function

Detailed Design Consilderatiorns YES NO N/A Comment

8. The 'lime lag between the response
0l a system to a control input and
the display pr.,,sentation of the
response is minimized. (5.1.3.2)

9. When a knob is p;cvided for mak-
ing coarse display eiement settihigs
on linear scales, having 0,016 to
0.100 ;n. (0.4 to 2.5 trm) of
tolerance, approximately 6 ii.
(150 mrim) of display element
movemrrent is provided for one
complete turn of the knob.
(5.1.4.3)

10. For fine setting ori linear scales
"-AML having 0.008 to 0.016 in. (0.2 to

0.4 mmý of tolerance, the display
element movement for one rotation
of the knob is:
1 in. (25 mm) mrin.,
2 in. (50 mm) max.
(5.1.4.4)

11. When bracketing is used to locate a
maxiimum or minimum rather than
a specific value (e.g., as in turning a
transmitter), the control knob
swings through an arc of:
100 (175 mrad) rnir;,
300 (525 rnrad) max.

(5.1.4.5)

YES = Adequate NO = inadequate N/A : Not Applicable
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15 MSy iggc' TOP 1-2-.610
DESIGN CHECKLIST

Components CONTROLS

HF Conalderstions Functionality (Cont.)

Abbreviation Function

Detailed Design Considerations YES NO N/A Comment

12. When a lever is provided for coarse
settings, having 0.016 to 0,100 in.
(0.4 to 2.5 mm) of tolerý,nce, one
unit of display eierrent movement
is used to three unitts of lever
movement. (5.1.4.6)

13. When a lever is provided to make
settings ir. two dimensions to
Coarso tolerances on th~e order of
0.1 in, (2.5 mm), one un!l of
disp~ay element movemevnt is used
to !wo and one-half units of lever
muvement, (5.1.4.7)

14. Whien counters are provided, the
control,display ratio is such that
one revoliution of the knob produces
approximaltey 50 courts Oi.e,, the
right hand drum m'ctates 5 times).
(5,1.4,8)

15. Controls are not Pdversely affpcted

by distortion, shock, and viLPPtiol.
(5.12.3.1)I

16. Failure oý power ':eering does not
incapacitate steering. (5.12.3.2)

17. Adjustment controls are easy to set
and lock.

i 8. Criticfal cor~t•ols are designed and
located so that tloy are noi sus-
ceptible to being moved acci-
dentalhy.

19. The main power ONiOFF switchI
cuts all power to the equ'pment. L I,,

YES = Adequ&te NO = inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

'CompnentsCONTROLS

HF Considerations Location & Arrangement

Abbreviation Loc

Detailed Design Considerations YES NO N/A Comment

20. Controls are located adjazent to
their associated displays.
(5.1,1.1)

21. Functionally related controls and
displays are grouped together.
(5.1.2.1)

22. Controls in functional groups are
located in accordance with opera-
tional sequence and/or function.
(5.4.1.3.1)

23. Control groups used for sequential
operations have left-to-right or
top-to-bottom order of use.
(5.4.1.3.2)

24. Controls most often used are located
in the best position for ease of
re3ching and grasping. (5.4.1.3.3)

25. G;roups with similar functions are
similarly arranged throughout the
system. (5.4.1.3.4)

26. Control/display qroups used only
for maintenance are not located in
prime operating space. (5.4.1.3.6)

27. Lifting equipment controls are
within easy reach with the load
visibl3. (5.12.8.3)

28. Controls operated without visual
reference are located in front of
rather than to the side of or behind
the operator. (5.4.1.2.3)

YES = Adequate NO Inadequate N/A = Not Applicaole
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Componarits CONTROLS
HF Considerations Location & Arrangement (Cont.)

|Abbrevictlon Loc1

Detailed Design Considerations YES NO N/A Comment

29. Internally mounted controis are
located away from dangerous vol-
tage heat, moving parts, radiation
or other hazards. (5.13.5.2)

30. Emergency controls axe located
co:e to related warning displays or
nearest available hiand in normal
operating position. (5 1.2.3.8)

31. Controls are Iocated adjacent to
thi;; rcssociated displays (pra-
ferably undqr or to the right of the
displays). (5.1.1.1)

32. Corntrols are positionad such that
neither the control nor the oper-
ator's hand obscures th6 display.
(5.1.1 .1)

33. Controls are located so that they
cannot be moved accidentally.
(5.4.1.8.1)

34. When control operation requires
reading several displays, the c)n-
trol is located beneath and in the
middle of the display group.
(5.1.2.3.A)

35. When separate dispiays are affected
by a combined controi, the control
is located beneath and in the mid-
dle of the display grcup.
(5.1.2.3.5)

* YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

ComponenAs CONTROLS
HF Conslderatlons Location & Arrangement (Cont.)

Abbreviation Loc

Detailed Design Considerations YES NO N/A Comment

36. Controls are selected and dis-
tributed so that none of the
operator's limbs are overburdened.
(5.4.1.1.1)

37. Mirror Image arrangements are
not used. (5.1.2.1.1.4)

38. When related controls and displays
must be located on separate panels
and bot;, panels are mounted at
approximately the samve angle
relative to the operator, the
control positions on one panel
correspond to the associated display
positions on the other panel. Tr*&
two panels are not mounted facing
each other. (5.1.2.3.6)

39. When a group of equipment com-
ponents has the same function, the
rAlated control and display posi-
tions are oriented to correspond to
those of the controlled and mon-
itored components.
(5.1.2.3.7)

40. For standing operations, controls
requiring pecise or frequent op-
eration and emergency contiols are
mounted as follows:
Height a.ove standing surtace:
34 in. (860 mm) min.,
53 in. (1.35 m) max.
Lateral distance froLj.,cterline:
21 in. (530 mm) max.
(5.7.2.5)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 11-2-610

DESIGN CHECKLIST

Components CONTROLS

HF Considerations Locotion & Arrangemen! (Cont.)

Abbreviation L o'cJ

Detailed Design Considerations YESN N/A Comment

41. Range of control action does not
interfere with other controls.
(5.4.1.3.7)

42. For seated operations, contrcls
mounted on a vertical surface and
used in normal eauipment opet-
at;on are located at a height above
the sitting surface of:
8 in. (200 mm) mrin.,
34 in. (860 mm) max.
(5.7.7.9)

43, For seated operations, controls
mounted on a vertical surface and
requiring precise or frequent op-
eration are l-,rated a! a height above
the sitting surface of:
8 in. (200 mm) min.,
29 in. (740 mm) max.
(5.7.3.10)

YES = Adequae NO = inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

*Components CONTROLS

NIP Considerations $i.1t & Shape

Abbreviltlon Size

Detailed Design Consideratluns YEZ NO N/A Comment

44. Controls used for the same function
on different types of equipment are
of the same siie and shape.
(5.4.1.4.3, 5.4.1.4, ,e'j

45. Controls that are shape-coded are
free of sharp edges. (5.4.2.1.2.3)

46. A maximum of 3 sizes 3re used for
coding; 2 sizes for key operated
switches, (5.4.1.4.?, 5.4.2.1.2.3)

0

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2.610

DESIGN CHECKLIST

- ICo.nmpnnont- aCONTROLS

IlIpF Conald.eratons Diroetlun & Fo.te

Abbrevlat loti D II

Detailed Design Conskierations YES NO N/At Comment

47. Whoo circular, fixod-po;nter or
moving-scale indicators are used,
clockwis3 movement of a rotary
control or movement of a lineai
control forward, up, or to the
right, produce a counterclockwise
movement of the scale and an
increase in the magnitude of the
reading. (5.1.3,5)

48. Controls 3re selected so that the
direction of movement of the
control will be consistent with the
related movemeni of an associated
display, equipment component, or
vehicle. (5.1.3.8)

49. Direction-of-movement relation-
ships are adhered to when control
and display arc parallel in line of
movement. (5.1.3.9)

50. Rotary controls turn to the right
(clockwise) to increase, and left
(counterclockwise) to decrease.
(5.4.1.2.1)

51. Rotary valve controls open coun-
terclockwise. (5.4.1.2.4)

52. Remote controls are designed for
direction-of-movement consisten-
cy. (5.4.1.3.5)

53. Control movement conforms with
corresponding related display.
(5.4.1.2.1)

YES = Adequate NO Inadequate N/A Not Appllkable
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15 May 19;0 TCP 1.2-610

DESCIGN CHECKLIST

ICo.n,. e.nt. . CONTROk.S]

IHF Conslderstlons Dlr~ctxUn & Force (Cooit.)

Abbroviallcn rl~

Detailed Design Conslderat'ons YES NC IN;_ Comment

54, Sk)ps are provided at the beginnin%
and end of the control travel.
(5.4.1.1.5)

55. Controls meant to have a limited
degree of motion have adequate
mechanical stops. (5.9.3.4)

56. Sel•ctor switches have sufficient
spring loading to keep from stop-
ping between detenWt.

0

A YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components CONTROLS
HF Considerations Visibility & Identlfication

Abbreviation Vis
IIIfII - i-. . . .-I I -

Detalled Design Considerations YES 1O NIA Comment

57. ContFols are laboled with basic
Information for proper identi-
fication, utilization, actuation, or
manipulation of the elements.
(5.5.6.2.1)

58. Controls are labeled as tc function
and method of operation by rnears
of arrows arid appropriate legends.
(5.5.6.2.3)

59. Coding is uniform throughout the
system. (5.4.1.4.1)

60. Shape-coced controls are visually
and tactually identifiable.
(5.4.1.4.4)

61. Controls are black or gray unless
color coded. (5.4.1.4.5.1)

62. Color coded controls are red, green,
orange-yellow or white.
(5.4.1.4.5.1)

63. Control color has high contrast
with background. (5.4.1.4.5.4)

64. Ambient light color determines us-
able control colors.
(5.4.1.4.5.5)

65. If red lighting is used, red is not
used for coding. Black and yellow
striping is used instead.
(5.4.1.4.5.5)

66. Main power switch is labeled.

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* Components CONTROLS

HF Considerations Operating Procedures (Cont.)

Abbreviation Op

Detailed Design Considerations YES NO N/A Comment

67. Operating instructions are provid-
ed except where use is obvious.
(5.12.4.1)

68. Diagrams are used wherever pos-
sible, (5.12.4.2)

69. Calibration instructions are placed
as close to the calibrating control
as possible. (5.2.3 .. 9)

YES = Adequate NO Inadequato N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

omponents _ROTARY SELECTOR SWITCHES

_Consoderatlon. FLunctionallty, Location & Arrangement
LAbbrevlation Rot Sel

Detailed Design Ccornsiderations YES NO NA Comment

70. Rotary selector switches which are
not visible to the operator during
normal system operat!on have no
mora than 12 positiona.
(5.4.2.1.1.4)

71. Rotary selector switches tha! are
constantly visible to the operator
have no more than 24 posii~ons.
(5.4.2.1.1.4)

72. A reference line is provided on
rotary switch controls which has at
least 3.0 luminance contrast.
(5.4.2.1.1.5)

73. Rotary selector switches are not
placed opposite one another unless
it is obvious which end is the poin-
ter. (5.4.2.1.1.4)

74. Knob pointers are mounted suf-
ficiently close to the scale so that
parallax errors do not ex•:zvd 25%
of the distance between scale
markings. (5.4.2.1.1.6)

YES = Adequate NO inadoquate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST
Components ROTARY SELECTOR SWITCHES

HF Consideratlon. Size & Shape

'Abbreviation Rot Sel

Detailed Design Considerations YES NO N/A Comment

75. DIMENSIONS:

1.0 in. (25 mm) min.,
4.0 in. (100 mm) max.Width
1.0 in. (25 mm) min.

0.625 in. (16 mm) min.,
3.0 in. (75 mm) max.

See FIGURE 4 in MIL-STD-1472D.
(5.4.2.1.1.7)

76. DISPLACEMENT:
Large seDaration or tactuall.

300(525 mrad) min.,
900(1570 mrad) max.

For facilitating performance
150 (262 mrad) min.,
400 (700 mrad) max.

See FIGURE 4 in MIL-STD-1472D.
(5.4.2.1.1.7)

77. Rotary selector switches are bar
shaped with parallel sides and the
index end tapering to a point
(except when shape coding is re-
quired or when space is restricted
and torque is light).
(5.4.2.1.1.3)

78. Rotary controls are shape coded,
when a group of similar type but
different function is plazed on the
same panel and control cofusion
might exist. (5.4.2.1.1.3)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components ROTARY SEI.E(__.TOR SWITCHES

HF ConHlderatione Direction & Force, Clearancs & Separat~on

Abbreviation R ot Sel

Detailed Design Considerations YES NO N /A Comment

79. RESISTANCE:
1.0 ln.-lb. (113 mN-m) min,
6.0 in.-Ib. (678 mN-m) max.

See FIGURE 4 in MIL-STD-1472D.
(5.4.2.1.1.7)

80. SEPARATION:
:an Randm

1.0 in. (25 mm) min.,
2.0 in. (50 mm) preferred.

Two-Hand Operajjon

3.0 in. (75 mm) min.,
5.0 in. (125 mm) preferred.

See FIGURE 4 in MIL-STD-1472D.
(5.4.2.1.1.7)

0

YES = Adequate NO = Inadequate N/A = Not Applicable
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1s May '190 TOP 1-2-610

DESIGN CHECKLIST

Components KEY OPERATED SWiTCHESIF Conaldoratlons Size & Shape, Direction & Force, Visibility & Identification

Abbreviation Key Op

Detailed Desigii Considerations YES NO N/A Comment

81. HEIGHT:
0.5 in. (13 mm) min.,
3.0 in. (75 mm) max.

See FIGURE 5 in MIL-STD-1472D.
(5.4.2.1.2.2)

82. DISPLACEMENT:
300(525 mrad) min.,
900 (1570 mrad) max

See FIGURE 5 in MIL-SrD.1472D.
(5.4.2.1.2.2)

8C. RESISTANCE:
1 in -lb (115 mN-m) min.,
6 in.-Ib (680 MN-rn) max.

See FIGURE 5 in MIL-STD-1472D.
(5.4.2.1.2.2)

84. Key-operated switches use color
coding or are idenifie bV use
location if adequate illumination
exists. (5.4.2.1.2.3)

85. Red (#11105 or 21105 of FED-
STD-595) is reserved for emer-
gency functions, (5.4.2.1.2.3)

YES = Adeqcatt NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components DISCRETE THUMBWHEELS

HF Conalderation Functionai.ty, Size & Shapej

Abbr~vation D~isc Thumb,

Delalled Design Considei'ations YES NO N/A Comment

86. Use is restricted to applications
whei'e a compact control device and
a readout for verification of manual
entry are required.
(5.4.2.1.3.1)

87. Discrete thumbwheel controls pro-
vide 10 de!ent positions (0-9) in
digital or binary (3 or 4 bits and
complement) outputs.
(5.4.2.•1.3.1)

88. DIMENSIONS:
Diar=it1r

1.125 in. (30 mm) min.,
3 in. (75 mm) ma'.

0.45 in. (11 mm) min.,
0.75 in, (19 mm) max.

0.1 in. (3 mm) min.

0.125 in. (3 mm) min,,
0.5 in. (13 mm) max.

See FIGURE 6 in MIL-STD-1472D.
(5.4.2.1.3,7)

89. Each position formed by detents has
a concave surface or is separateo
by a raised high-fricdion area.
(5.4.2.1.3.2)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

IComponents _ _DISCRETE THUMBWHEELS

HF Conslderatlons Direction & Force, Clearance & Separstion

Abbreviation Disc Thumb

Detailed Design Considerations YES NC N/A Comment

9 0. RESISTANCE:
6 oz. (170 mN) rnin.,
20 oz. (560 raN) max.

See FIGURE 6 in MIL-STD-1472D.
(5.4.2.1.3.7)

91. SEPARATION:
0.4 in. (10 rnm) mrin.

See FIGURE 6 in MIL-STD-1472D.
(5.4.2.1.3.7)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 MAy 1990 TOP 1-2-610

DESIGN CHECKLIST

Components DISCRETE THUMBWHEELS

HF Considerations Visl•ilty & Identification

Abbreviation Disc Thumb

Detailed Design Considerations YES NO N/A Comment

92. For areas in which ambient illu-
mination will provide display
brightness below 1 tt-L (3.5 cd/sq
m), thumbwheels are inteinz.lly
illuminated. (5.4.2.1.3.5.1)

93. For araas in which ambient illu-
mination will provide display
brightness below 1 ft-L (3.5 cd/sq
m), digits appea. as illuminated
characters oni a black background.
(5.4.2.1.3.5.1)

94. For areas in which ambient llu-
mination v, ll provide display
brightness above 1 It-L (3.5 cd/sq
m), digits appear as black charac. I
ters on a light background.
(5.4.2.1.3.5.2)

95. Thumbwhee! numerals:
a) Height:width ratio = 3:2.
b) Heighl is a minimum of 3/16

in. ý4.8 mrn).
c) 3trok~e width for internally

illuminated numerals - 1/10
of Viight.

a) Stroke width for externally
illuminated numerals - 1/5 of
height.

(5.4.2.1.3.5.1, 5.4.2.1.3.5.2)

Q........ ...... __ ____________ _

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 190O TOP 1-2-610

DESIGN CHECKLIST

Component* CONTINUOUS R~OTARY KNOBS
Mr Conld,..-,l°ns Location & Arrangement, Sie & Shapo-
AbLb r,,v,,tIon ,oni Kno

Detalted Desigrn Considerations YES NO N/i Comment

96. In right.hand operations, knobs
are placed below or to the right of
displays. (5.1.1.1)

97. For ieft-hanJ operations, knobs
are placed below or to the left of
displays. (5.1.1.1)

98. If knob diameter is used to code
controls, minimum differences
between diameters are .5 in. (13
mrm). (5.4.1.4.3)

99. When bracketing is used, control
knob swings through an arc of:
100 (175 rnrad) min.,
300 (525 mrad) max.
(5.1.4.5)

100. If thickness is used for coding,
minimum differences between
thicknesses are 0.4 in. (10 mm).
(5.4.1.4.3)

101. Shape coding:
a) Does not interfere with ease of

control manipulation.
b) Is identifiable regardless of

control position and orienta-
tion,

c) Is tactually identifiable when
gloves are worn.

d) Is associated with or resembles
control function.

(5.4.1.4.4)

YES = Adequate No) Inadequate N/A : Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

SCom~ponents CONTINUOUS ROTARY KNOBS

HF Consilderations Size & Shape (Cont.)

Abbrevltlon Cont Knob

Detailed Design Considerations YES NO N/A Comment

102. Shape-coded knobs and handles are
atiached to shafts to preclude in-
correct attachment. (5.4.1.4.4)

103. Continuous adjustment rotary
knobs hava serrated edges, fine
serrations for precise adjustment
knobs, and coarse serrations for
gross adjustment knobs.
(5.4.2.2.2.3)

104. DIMENSIONS:
Fingertip Grasp Heioht

0.5 in. (13 mm) min.,
1.0 in. (25 mm) max.

0.375 in. (10 mm) min.,
4.0 in. (100 mm) max.

Thumb and Finger Encircle

1.0 in. (25 mm) min.,
3.0 in. (75 mm) max.

Palm Grasp Diam1eter
1.5 in. (38 mm) min.,
3.0 in. (75 mm) max.

Palmi Grazo Lengt,
3.0 in. (75 mm) min.

See FIGURE 7 in MIL-STD.1472D.
(5.4.2.2.1.2)

YES = Adequate NO inadequate N/A Not Applicable
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15 Mmy 1990 TOP 1-2-610

DESIGN CHECKLIST

Components CONTINUOUS ROTARY KNOBS

HF Conslderatlons Direction & Force, Clearance & Separation

Abrevlation Cont Knob

Detailed Design Considerations YES NO N/A Comment

105. TCRX.E
Diameter up to 1.0 in. (25mml

4.5 in.-oz. (32 mN-m) max.
Diamete.r g(eater than 1.0 in.

6.0 in.-oz. (42 mN-m) max.
See FIGURE 7 in MiL-STD-1472D.
(5.4.2.2.1.2)

1 0 6. SEPARATION:
One Hand Individually

1.0 in. (25 mm) min.,
2.0 in. (50 mm) max

Two Hands Simultaneously
2.0 in. (50 mm) min.,
5.0 in. (125 mm) max.

jk 3ee FIGURE 7 in MIL-STD-14720.
(5.4.2.2.1.2)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May '190 TOP 1-2-610

DESIGN CHECKLIST

0 Components GANGED ROTARY KNOBS

HIF Considerations _______ _____ Functe~unality

Abbreviation Gang Knob

Detailed Design Considerations YES NO N/A Comment

107. For ganged knobs 3 snobs is the
maximum, 2 knobs is preferred.
(5.4.2.2.2)

108. Ganged knobs are not used:
a) If accuracy and time is critical.
b) When controls are frequently

used.
c) When heavy gloves are worn.
d) When equipment is exposed to

the weather.
e) When equipment is used in the

field.
(5.4.2.2.2.1)

109. Clea,'ly differentiated indexing
marks or pointers are provided for
each knob in ganged set.
(5.4.2.2.2.4)

110, Ganged knob assemblies have a sec-
ondary knob control movement
such as pressing while turning to
prevent inadverteni operation
(5,4.2,2.2.6)

111. For ganged knob assemblies, the
knob closest to the panel is as-
sociated with the left most display,
in a horizontat array, or the up-
permost in a vertical array,
(5.4.2.2.2.5)

YES = Adequate NOC Inadequmie N/A : Not Applicable
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16 May 1990 'TOP 1-2-610

DESIGN CHECKLIST

Components GANGED ROTARY KNOBS

HF Considerations Size & Shape

Abbreviation Gang Kr.ob.

Detailed Design Considerations YES NO N/A Comment

11 2. DIMENSIONS:
a) Two-knob assembly

5/8 in. (16 mm) min.

1/2 in. (13 mm) mrin.

1/2 in. (13 mm) min.
Diameter 2nd knob

7/8 in. (22 mm) min.,
4 in. (100 mm) max.

b) Three-knob assembly

3/4 in. (19 mm) min.
a Ennob
3/4 in. (19 mm) min.

Height =r knob
1/4 in. (6 mm) min.

1/2 in. (13 mm) min.

1 3/4 in. (44 mm) min.

3 in- (75 mrm) min.,
4 in (190 mm) max.

See FIGURý 8 in MIL-STD-1472D.
(5-4.2. 2., ,1

9 YES =,:ja, NO Inadcquate N/A Not Applicable
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is May 1990 TOP 1-2-610

DESIGN CHECKLIST

SComponents GANGED ROTARY KNOBS

HF Conhideration, Direction & Force, Clearance & Separation

Abbreviation Gang Knob

Detailed Design Considerations YES NO N/A Comment

113. C~E

Up to and including 1 in.
(25 mm) diameter knobs

4 1/2 in.-oz. (32 mN-m)
max.

Greater than 1 in. (25 mm)

6 in.-oz. (42 mN-m) max.
See FIGURE 8 in MIL-STD-1472D.
(5.4.2.2.2.2)

114. SEPARATION:
One-hand operation with olove

2 1/2 in. (63 mm) min.,
3 1/2 in. (90 mm) optimum.

One-hand operation without glove
1 in. (25 mm) min.,
2 in. (50 mm) optimum.

Two hand operation with glove
3 1/2 in. (90 mm) min.,
4 in. (100 mm) optimum

Two-hand operation without glove
2 in. (50 mm) min.,
3 in. (75 mm) optimum.

See FIGURE 8 in MIL-STD-1472D.
(5.4.2.2.2.2)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

O Components CONTINUOUS ADJUSTMEJK THUMBWHEEL.S

HF Consideratlons Functionailty, Size & Shape

Abbreviation Cont Thumb

Detailed Design Considerations YES NO N//A Corment

1 15. Usage is restricted to applications
requiring a compact continuous
control device. (5.4.2.2.3.1)

11 6. Rims are serrated and detents pro-
vided for OFF positions.
(5.4.2.2.3.3)

11 7. DIMENSIONS:
Rim exposure length

1 in. (25 mm) min.,
4 in. (100 mm) max.

1/8 in. (3 mm) min.,
7/8 in. (23 nim) max.

See FIGURE 9 in MIL-STD-1472D.
(5.4.2.2.3.4)

YES = Adequate NO Inadequate N/A Not Applicable

B-7 3



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

fompoantsCONTINUOUS ADJUSTMENT THUMBWHEELS

•HF Considerations Direction & Force, Clearance & Separati.n

Abbreviation Ciont Thumib

Detailed Design Considerations YES NO N/A Corninent

1 18. RESISTANCE:
miin: To minimize effects of

inadvertent input if
operator subject to motion

max: 12 oz. (3.3 N)
See FIGURE 9 in MILSTD-1472D.
(5.4.2.2.3.4)

1 19. Thumbwhoel orientation and move-
ment direction conforms to FIGURE
9 in MIL-STD-1472D.
(5.4.2.2.3.2)

120. For manipulation of vehicle mo-
tion, movement of thumbwheel up-.
ward causes the vehicle to move
forward. (5.4.2.2.3.2)

121. SEPARATION:
.. ontrols. side by side with gl..e5:

1 1/2 in. (38 mm) nin.
Controls. side by s

1 in. (25 mm) min.
Controls. end to end with gJv.L. :

3 in. (75 mm) min.
Controls, e gn d withou gJo..p:

2 in. (50 mm) min.
See FIGURE 9 in MIL-STD-1472D.
(5.4.2.2.3.4)

-I I -TA-

YES = Adequate NO = Inadequate N/A = Not Applicable
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'15 May 1990 TOP 1-2-610DESIGN CHECKLIST

~Components ____________ CRANKS

HIP Consldarations Functionality

IAbbraviatlIn Crank

Detailed Design Considerations YES NO N/A Comment

122. Cranks are used for tasks; requiring
many control rotations and when
rotation rate or forces are ex-
cessive. (5.4.2.2.4.1)

123. Dual cranks are used for tasks
requiring the setting of reticles or
crosshairs in map reading or opti-
cal signting. (5.4.2.2.4.1)

124. Folding handle cranks are used
when appropriate to protect per-
sons from injury, or to prevent
inadvertent actuation.
(5.4.2.2.4.4)

125. Folding handles are spring loaded,
(5 .4.2 .2 A.4)

126. Where resistance is light, cranks
are balanced to prevent motion
from last setting. (5.4.2.2.4.5)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S Components CRANKS

HF Consideratlons Size & Shape]

Abbrevisatlon Crank

Detailed Design Considerations YES NO N/A Comment

127. DIMENSIONS:
a) Oiameter

Light loads, less than 5 1b, (22
N) hand movement

3/8 in. (10 mm) min.,
5/8 in. (16 mm) max.,
1/2 in. (13 mm) preferred.

Heavy loads, more tharL.1b,
(22 Nb arm movements

1 in. (25 mm) min.,
1 1/2 in. (38 mm) max.,
i in. (25 mm) preferred.

b) Length

1 in. (25 mm) min.,
ADA 3 in. (75 mm) max.,

1 1/2 in. (38mm) pre-
ferred.

3 in. (75 mm) min.
3-3/4 in. (95 mm) pre-
ferred.

See FIGURE 10 in
MIL-STD-1472D.
(5.4.2.2.4.3)

0 YES = Adequate NO Inadequate N/A = Not Applicab)e
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15 May 1990 TOP 1-2.610

DESIGN CHECKLIST

Components CRANKS

!HF Conslderanfon* Siza & Shape, Clearance & Separation

Abbreviation Crank,

Detailed Design Considerations YES NO N!A Commen.

128. TURNING RADIUS:
a) Rate below 100 RPM

1 1/2 in. (38 mm) min.,
5 in. (125 mm) max.,
3 in. (75 mm) preferred.

7 1/2 in. (190 mm) min.,
20 in. (510 mm) max.

b) Rate above 100 RPM
1in.I 1 madi
1/2 in. (13 mm) min.,
4 1/2 in. (115 mm) max.,
2 1/2 in. (65 mm) preferred,

5 in. (125 mm) min.,
9 in. (230 mm) max.

See FIGURE 10 in
MIL-STD-1 472D.
(5.4.2.2.4.3)

129. SEPARATION:
3 in. (75 mm) min.
See FIGURE 10 in
MIL-STD-1472D.
(5.4.2.2.4.3)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components HA-N DWHE ELS_

HF Considerations Functionality, Size & Shape

Abbrevlutlon Hand Wheel

Detailed Design Considerations YES NO N/A Comment

130. Handwheels are used when rota-
tional forces are too high for one-
handed controls (e.g., steering,
latch securing, valve regulation,
and direct linkage adjustment).
(5.4..2.2.5.1)

131. Maximum turning limit of vehicle
is achieved in no more than 3 1/2
turns to meet force standards.
(5.4.2.2.5.8)

132. DIMENSIONS - Diameter:
Continuous adiustment

8 in. (200 mm) min.,
20 in. (510 mm) max.

continuous lock -_UL~ unokgp~exatio~n
8 in. (200 mm) for 5 lb.
(22 N) min.,
20 in. (510 mm) for 35
lb. (155 N) max.

HJght.. rque valves overhead
8 in. (200 mm) min.,
16 in. (400 mm) max.

8 in. (200 mm) min.,
20 in. (510 mm) max.

Above standing surface
12 in. (300 mm) min.
60 in. (1520 rnm) max.

Vehicle power steering
14 in. (355 mm) min.,
16 in. (400 mm) max.

Non power (max 50 lb. (220=N
16 in. (40 mm) min.,
20 in. (510 mm) max.

See TABLE IX in MIL-STD-1472D.
(5.4.2.2.5.5)

YES = Adequate NO = Inadequato N/A Not Applicable

B-78



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

'Components HNWEL

HF Considerations Size & Shape

Abbreviation Hand Wheel

Detailed Design Considerations YES NO N/A Comment

133. DIMENSIONS - Rim diameter:
Continuous adiustment

3/4 in. (19 mm) min.,
1 1/4 in. (32 mm) max.

Continuous lock - unlock ne.rai.n
3/4 in. (19 mm) min.,
1 1/4 in. (32 mm) max.

Hich torque valves

3/4 in. (19 mm) min.,
1 1/4 in. (32 mm) max.

Yehicle Dower steerina
3/4 in. (19 mm) min.,
1 1/4 in. (32 mm) max.

Vehicle steerina - non power
3/4 in. (19 mm) min.,
1 1/4 in. (32 mm) max.

See TABLE IX in MIL-STD-1472D.
(5.4.2.2.5.5)

134. DIMENSIONS - Hand clearance
around rim:
Continuous adiustment

3 in. (75 mm) min.
Continuous lock - unlock op.e.aijon

3 in. (75 mm) min.
Hij2U=. vaes

3 in. (75 mm) min.
See TABLE IX in MIL-STD-1472D.
(5.4.2.2.5.5)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1.2.610

DESIGN CHECKLIST

Components HANDWHEELS

HF Considerations Size & Shape, Clearantce & Separation

Abbreviation Hand Wheel

Detailed Design Considerations YES NO N/A Comment

135. DIMENSIONS - Slope:
Vehicle power steeringo(jlgbl

preferred 300 (525 mrad)
Vehicle steering - noi owe

preferred 450 (785 mrad)
See TABLE IX in MIL-STD-1472D.
(5.4.2.2.5.5)

1 36. DISPLACEMENT:
Where both hands must remain on
wheel: ±1200 (213 tad) max.
See TABLE IX in MIL-STD-1472D.
(5.4.2.2.5.5)

13 7. SEPARATION:
Continuous adiustmaolI

28 in. (710 mm) min.
Continuous lock - unlockeratiQn

28 in. (710 mm) min.
HiZh torau valves

28 in. (710 mm) mrin.
See TABLE IX in MIL-STD-1472D.(5.4.2.2.5.5)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

CompoertstPUSHBUTFTONS (FINGAER OR HAND OPERATED)

IF Consbiderations Fu ..ctn ..ySi.z6 * ShoTpe

Ab b rev aton Push Hand-

Detailed Design Considerations YES NO N/A Comment

138. Positive indication in provided of
push button activation.
(5.4.3.1.1.3)

139. Channel or cover guard is provided
where it is imperative to avoid ac-
cidental activation.
(5,4.3.1.1.4)

140. Cover guard in the open position
does not interfere with pushbutton
operation, (5,4.3.1.1.4)

141. Mechanical interlocks or barriers
are incorporated as an alternative
to separation. (5.4.3.1.1.6)

142. Pushbutton surface is concave or
has non-slip surface.
(5.4.3.1.1.2)

143. DIMENSIONS - Diameter:
Fin-Pti Oeration

3/8 in. (9.5 mm) min.,
1 in, (25 mm) max.

Thumb or Heel of Hand peraton
0.75 in. (19 mm) min.

See FIGURE 11 in
MI L-STD -1472D.
(5.4.3.1.1.5)

YES = Adequate NO Inadequate N/A Not Applicabet
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15 May 1990 TOP 1-2-510

-DESIGN CHECKLIST

Componont. PLISHBU7TONS (FINGER OR HANID OPERATED)

HIF Consideratlon. AI, ?G hipe (Cont.)

Abbreviation P____ ush Handj

Detailed Design Consideraticns YE$ NO N/A Comment

144. DISPLACEMENT: I
T.u.tu,•fQLm.-Qogafi~n

0.125 in. (3 mm) rMin.,
1.5 in. (38 nim) max.

5/64 in, (2 mm) min.,
1/4 in. (6 mm) max.

See FIGURE 'i1 in
MIL-STD-1472D.
(5.4.3.1 .1,5)

- - - -- a .

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 Mov 1990 TOP 1-2-610

DESIGN CHECKLIST

Components PUSHBUTTONS (FINGER OR HAND OPERATED)

HF Corilderefions Direction & Force, Clearance & Separartion

Ahbravlation Push Hand

Detailed Design Considerations YES NO N/A Comment

14 5. RESISTNCE:
Sigl FngLLpLa=f

10 oz. (2.8 N) min.,
40 oz. (11.0 N) max.

Different Finger operation
5 o:. (1.4 N) m!n.,
20 oz (5.6 N) max.

Thumb or PhJi Oj.D.Lijn
10 oz. (2.8 N) min.,
80 oz. (23 N) max.

See FIGURE 11 in
MIL-Sl D-1 472D.
(5.4.3.1 .1.5)

14 6. SEPARATION:
Single Fine'r Operation

1/2 in. (13 mm) mi;;.,
2 in. (50 mm) prelerred

• Single Finger Sep=fauen peiaf_ o

1/4 in. (6 mm) mir.,
1/2 in. (13 mm) preferred

1/4 in. (6 mrr.) min.,
iZ in. (13 mm) preferred

1 in. (25 mm) min.,
6 in. (150 mm) preferred.

See FIGURE 11 in
MIL-STD-1472D.
(5.4.3.1 .1,5)

m olm--I-
YES = Adequate NO rInndequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components PUSHBUTTONS (FOOT OPERATED)

HF Considerations Functionality

Abbrevlation Push Foot

Detailed Design Considerations YES NO N/A Comment

147. Foot operated pushbuttons are used:
a) When both operator's hands are

busy with other controls.
b) To conform to control

stereotypes.
c) As provision for alternate

safety shut-down control.
d) For distribution of workload.
(5.4.1.8.6ý1, 5.4.3,1.2.1)

148. Foot operated pushbuttons are
used:
a) If balance-imposed risks for

standing operators exist.
b) When selection among many

controls is required.
c) For criical or frequent control

* operations.
(5.4.1.8.6.2)

149. Foot operated pushbutton operation
does =Q.t require:
a) Frequent maximum reaching.
b) Holding leg or foot in awkward

position for extended period of
time.

c) Frequent operation or extended
period of time in a twisted
seating position.

d) Maximum force application.
frequently or for extended
period of tVme.

e) Search for one pushbutton
among many.

(5.4.1.8.6.3)

150. Positive indication of -;witch actua-
Voin is pruvkded.
(5.4.3.1.2.4)

YES r Adequate NO Inadequaia N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

0 Components PUSHBUTTONS (FOOT OPERATED)

HF Considerations Location & Arrangement, Size & Shape

Abbreviation Push Foot

Detailed Design Considerations YES NO N/A Comment

151. Foot operated switch is positioned
for operation by the toe or ball of
the foot. (5.4.3.1.2.2)

152. Foot operated switch location al-
lows centering the ball of the foot
on the button. (5.4.3.1.2.2)

153. If switch may become wet, the
switchcap surface has friction to
prevent slippage.

154. DIMENSIONS:

0.50 in. (13 mm) min.
See FIGURE 12
in MIL-STD-1472D.
(5.4.3.1.2.3)

155. DISPLACEMENT:
Normal Boot Operation

0.50 in. (13 mm) min.,
2.5 in. (65 mm) max.

Heavy Boot Operation
1.0 in. (25 mm) min.,
2.5 in. (65 mrm) max.

Ankle Flexion Onvy
1.0 in. (25 mm) min.,
2.5 in. (65 mm) max.

Total Leg Movement
1.0 in. (25 mm) min.,
4.0 in. (100 mm) max.

See FIGURE 12 in
MIL-STD- 1 472D.
(5.4.3.1.2.3)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

IComponenta PUSHBU'T'TONS (FOOT OPERATED)

IHF Considerations Direction & Force, Clearance & Separation

Abbrevlatlon Push Foot

Detailed Design Considerations YES NO N/A Comment

15 6. RESISTANCE:
Foot Will Not Rest on Control

4.0 lb. (18 N) min.,
20.0 lb. (90 N) max.

Foot Will Rest on Control
10.0 lb. (45 N) min.,
20.0 lb. (90 N) max.

See FIGURE 12 in
MIL-STD-1 472D.
(54.3.1.2.3)

157. If use of more than one foot
operated switch per foot cannot be
avoided, switches are placed at
least 3 in. (66 mm) apart hori-
zontally and 8 in. (203 mm) apart
vertically. (5.4.3.1.2.3)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

0 Components KEYBOARDS

HF Conslderatlons Functionality

Abbreviation Keyboard

Detailed Design Considerations YES NO IN/A Comment

158. Arrangemeni and number of keys is
compatible with the predominant
type of information to be entered
into the system. (5.4.3.1.3.2)

159. Alphanumeric keyboard design
conforms to requirements of MIL-
STD-1280. (5.4.3.1.3.2)

160. Systems with more than one key-
board are standardized.
(5.4.3.1.3.5)

161. Feedback is provided to indicate if
intended key was pressed and, if
applicable, when the next operation
may be initiated. (5.4.3.1.3.6)

162. Keyed inputs are echoed on the
display within 0.2 sec.
(5.15.2.2.3)

163. Length of individual data items is
minimized, except extended text.
(5.15.2.2.4)

164. Columnar data is automatically
decimal point, left margin, or right
margin justified depending on the
type of data. (5.15.2.2.5)

165. Numeric keypad is provided if ex-
tensive numerical input is re-
quired. (5.15.2.2.6)

166. Amount of keying required is
minimized by using numbered lists
and abbreviations. (5.15.2.2.7)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

.-C-mp._o--nt.s KEYBOARDS

IHF Considoretlone Functionality, Size & Shape

Abbreviation Keyboard

Detalled Design Considerations YES NO N/A Comment

167. The configuration of a keyboard
used to enter solely numeric infor-
mation is a 3 Y. 3 + 1 matrix with
the zero digit centered on the
bottom row. (5.4.3.1.3.2)

1 68. DIMENSIONS:
Diamete" Barehanded

0.385 in. (10 mm) min.,
0.75 in. (19 mm) max,
0.5 in. (13 mm) pieferred.

Arctic Mittens
0.75 in. (19 mm) min.,
0.75 in. (19 mm) preferred.

See TABLE X in MIL-STD-1472D.
(5.4.3.1.3.3)

169. The slope of nonportable keyboards
is 15"-250 (260-435 mrad)
from the horizontal. (5.4.3.1.3.4)

170. DISPLACEMENT:

0.03 in. (0.8 mm) min.,
0.19 in. (4.8 mm) max.

0.05 in. (1.3 mm) min.,
0.25 in. (6.3 mm) max.

DuLE unction
0.03 in. (0.8 mm) min.,
0.19 in. (4.8 mm) max.

See TABLE X in MIL-STD-1472D.
(5.4.3.1.3.3)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components KEYBOARDS

HF Considerations Direction & Force, Clearance & Separation

Abbreviation Keyboard

Detailed Design Considerations YES NO N / A Comment

171. RESISTANCE:

3.5 oz. (1 N) min.,
14.0 oz. (4 N) max.

0.9 oz. (250 inN) min.,
5.3 oz. (1.5 N) max.

0.9 oz. (250 mN) min.,
5.3 oz. (1.5 N) max.

See TABLE X in MIL-STD-1472D.
(5.4.3.1.3.3)

1 72. SEPARATION:
Between Adiacen! Key To=s

0.25 in. (6.4 mm) min.,
0.25 in. (6.4 mm) preferred.

See TABLE X in MIL-STD-1472D.
(5.4.3.1.3.3)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

-Components FIXED FUNCTION KEYS

HF Con.iderations Functionality

Abbreviation Fixed Key

Detailed Design Considerations YES NO N/ A Comment

173. Fixed function keys are used for
time-critical, error-critical, or
frequently used control inputs.
(5.15.2.3.1)

174. Fixed function keys are standard
throughout the system.
(5.15.2.3.2)

175. A fixed function key, once assigned
a function, is riot reassigned a
different function for a given user.
(5.15.2.3.3)

176. Fixed function keys are used to
control contin1 jously available
functions. (5.15.2.3.4)

1 77, Lockout of fixed function keys is
minimized. (5.15.2.3.4)

178. Nonactive fixed function keys are
replaced with a blank key.
(5.15.2.3.5)

17'9. Fixed function key function is
accomplished with a single actu-
ation. (5.15.2.3.7)

180. Feedback is provided of system
acknowledgement of fixed function
key activation. (5.15.2.3.8)

181. Fixed function key assignments are
displayed at all times.
(5.15.2.3.9)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components FIXED FUNCTION KEYS

HF Considerations Location & Arrangement

[Abbreviation Fixed Key

Detailed Design Considerations YES NO N/A Comment

182. Fixed function keys are logically
grouped. (5.15.2.3.6)

183. Fixed function keys are placed in
distinctive locations on the key-
board. (5.15.2.3.6)

i- a

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2.610

DESIGN CHECKLIST

Components VARIABLE FUNCTION KEYS

HF Considerations Functionality

Abbreviation Var Key

Detailed Design Considerations YES NO N/A Comment

184. Variable function key current sta-
tus is displayed. (5.15.2.4.2)

185. Variable function keys with labeled
defau!t functions, when reprog-
ranmmed or turned off, have a
visual warning of inacc?ssibility of
the standard function.
(5.15.2.4.3)

186. Variable function keys are easily
reiabeled. (5.15.2.4.4)

187. Variable function keys do not
require the use of a shift key for
each actuation. (5.15.2.4.5)

188. Where functions assigned to keys
change as a result of user inputs, a
control action is provided to
readily return the functions as-
signed to a base-level (or stan-
dard) set. (5.15.2.4.6)

YES = Adequate NO Inadequate N/A Not Applicable
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Is May 1090 TOP 1.2-910

DESIGN CHECKLIST

* Component. TOGGLE SWITCHES1

HF Conlderstlon. Functionalty

Abbreviation Toggej

Detailed Design Considerations YES NO NN/ A Comment

189 Guards, lift-to-unlock switches
(resistance not to exceed 3 lbs.) or
other means are used to prevent
accidental activation when critical,
dangerous, or hazardous conditions
may result (54.3.1.4.2)

190 Cover guards in the open position
do not interfere with control acti-
vation. (5.4.3.1.4.2)

191. Three-position spring-loaded to
center-off tougle switches with
only one other position are not used
if release from the spring-loaded
position results in switch travel
beyond the OFF position.
(5.4.3.1.4.1)

192. Minimum use is made of 3-position
ioggle switches and horizontally
o-isnted loggle switches.
(5.4,3.1.4.1, 5,4.3.1.4.5)

193. Positive indication of control acti-
vation is provided.
(5.4.3.1.4.4)

YES x Adequate NO = Inadequate N/A Not Applicable
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16 May 1990 TOP 1-2-610

DE)SIGN CHECKLIST

rq opaot TOGGLE SWITCHES

MF Con.ider•o.ons. Size & Shape

Ab b revlt IO n Toggle

D NO4NA D__omn Considertion, YES _ NIA -- omment

194. DIMENSIONS:
6rM -goal, fBaare Eingz

0,5 in. (13 mm) mini.,
2.0 in. (50 mm) max.

1,5 in. (38 m ,.) min.,
2.0 in. (50 mm) nnax.

0.125 in. (3 mm) min.,
1.0 in. (25 mm) max.

See FIGURE 1I in
MIL-STD- 1 472D.
(5.4.3.1.4.3)

195. DISPLACEMENT:

300 (525 mrad) rmin.,
80° (1400 mrad) max,

170 (295 rnrad) rain.,
450(700 mrad) max.,
25" (435 mrad) desired.

See FIGURE 13 in
MIL-STD-1472D.
(5.4.3.1.4,3)

YES = Adequate NO : Inadequate N/A Not Applicable
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15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

Components .. TOGGLE SWITCHES

HF Consld.ratIons -- Direction & Force, Clearance & Separtionr

AAbbreviation Toggle

wi .. __I II

Detailed Design Considerations YES NO NI.A Comment

196. RESISTNJCE:

10 oz. (2.8 N) rnim.,
16 oz. (4.5 N) max.

10 oz. (2.8 N) min.,
40 oz. (11 N) max,

See FIGURE 13 in
MI L-STD -1472D.
(5.4.3-1.4.3)

1 97. SEPARATION:

0.75 in. (19 mm) min.,
2.0 in. (50 mm) optimum.

Zinglp Finger Qperatior-Lever

1.0 in. (25 mm mrin.,
2.0 in. (SU mrn) opiimum.

Single Fingar Seguential .12.•pLr.
0.5 in. (13 mm) min.,
1 in. (25 mm) optimum.

0.625 in. (16 mm) min.,
0.75 in. (19 mm) optimum.

See FIGURE 13 in
MiL-STD-1 472D.
(5.4.3.1.4.3)

YES = Adequate NO : Inadequate N/A Not Applicable

B-95



16 May 1900 TOP 1-2-610

DESIGN CHECKLIST

Componeits . LEGEND SWITCHES

HFCons lderat ton* Fum.-Ilonaiity, Size &Shape

DOetalled Design Considerations YES NO N/A Comment

198. Switch provides detent, click or
other positive indication of actua-
tion. (5,4.3.1.5.3)

1S9. Switch legend is legiole with or
without internal illumination.
(5-4.3.1-5.3)

200. Legend switch lamps are replace-
able ffom the front of the panel by
hand and the legends or covers are
keyed to prevent the possibility of
interchanging the legend covers.
(5.4.3.1.5.3)

201. DMENSIONS:
0.75 in. (19 mm) min.,
0.625 in. (15 mm) rin.,

where switch is not
depressed below panel

1.5 in. (38 mm) max.
See FIGURE 14 in
MIL-STD-1 472D.
(5.4.3.1.5.1)

202. BRRIERS:

0.125 in. (3 mm) min.,
o.25 ir.. (6 mm) max.

0.88 in. (5 mm) min.,
0,25 in. (6 mm) max.

See FIGURE 14 in
MIL-STD-1 472D.
(S.4.3.1 .5.1)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

, Ccoimp one nts LEGEND SWITCHES

MV CHonildoratlona Clearance & Separation, Visibility & Identification

A.b.br.viatn Legend

Detailed Design Considerations YES NO N/A Comment

203. OISPLACEMENT:
0.125 in. (3 mm) min.,
3/16 in. (5 mm) rini. for

positive position switch,
0.25 in. (6 mrn) max.
See FIGURE 14 in
MIL-STD-1 472D.
(5.4.3.1.5.1)

204. RESISTANCE:
10 oz. (2.8 N) min.,
20 oz, (5.6 N) min. for usp in

moving vehicles,
60 oz. (167 N) max.
See FIGURE 14 in
MIL-STD-1 472D.O (5.4.3.1.5.1)

20E. Legends appear illuminated on an
opaque background with character
dimensions as follows:
a) Height: ^!16 in. (5 rmm).
b) Height-to-width ratio: 3:2.
c) Height-to.Stroke-Width

Ratio: 10:1.
(5.4.3.1.6.7)

L-

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components ROCKER SWITCHES
HF Conlderatlons Functionality

Abbreviation Rocker

Dealled Design Considerations YES NO N/ A Comment

206. Rocker switches are used in place
of toggle switches for functions
which ,require two discrete posi-
tions where toggle switch prot-
rusion is a problem.
(5 4.3.1.6.1)

207. Three-position rocker switches
are used only when other types of
controls (rotary, legend switch,
etc.) are not feasible, or when
rocker switch is the spring loaded
type. (5.4.3.1.6.1)

208. Positive ind:,cation of switch acti-
vation is provided. (5.4.3.1.6.3)

209. Rocker switches are lit internally
when ambient illumination causes
display luminance to be below 1
Ft-L. ( 3.5 cd/sq in).
(5.4.3.1.6.7)

210. Horizontal orientation is used only
when compatibility with the con-
trolled function or equipment loca-
tion is desirable. (5.4.3.1.6.6)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

SComponents ROCKER SWITCHES
HF Considerations Size & Shape, Direction & Force, Clearance & Separation

LAb breviation Rocker

Detailed Design Considerations YES NO N/A Comment

211. DIMENSioNS:

1/4 in. (6 mm) min.
Le~ng~th

1/2 in. (13 mm) min.
See FIGURE 15 in
MIL-STD-1 472D.
(5.4.3.1.6.4)

212. DISPLACEMENT:
Heiaht depressed

1/8 in. (3 mm) min.

300 (530 mrad) min.
See FIGURE 15 in
MIL-STD-1 472D.
(5.4.3.1.6.4)

213. RE.SISTANCE:
10 oz. (280 inN) min.,
40 oz. (11 N) max.

See FIGURE 15 in
MIL-STD-1 472D.
(5.4.3.1.6.4)

214. SEPARATION:
Bare hand. Center-to-center

3/4 in. (19 mm) min.
Gloved hand. Center-to-cente(

1 1/4 in. (32 mm) min.
See FIGURE 15 in
MIL-STD-1 472D.
(5.4.3.1.6.4)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* Components SLIDE SWITCHES

HF Considerations Functionality, Size & Shape

Abbreviation Slide

Detailed Design Considerations YES NO N/A Comment

215. Resistance increases until switch
snaps into position. (5.4.3.1.7.3)

216. Switch does not stcp between posi-
tions. (5.4.3.1.7.3)

217. Channel guards are provided to
prevent inadvertent operation.
(5.4.3.1.7.2)

218. Switches are vertically oriented
such that activation of upper posi-
tion turns on system; causes an
increase in system function; or
causes a forward, clockwise, or
upward movement. (5.4.3.1.7.4)

. 21 9. DIMENSIONS:
Actuator height with gloves

1/2 in. (13 mm) min.

1/4 in. (6 mm) min.
ActagrUidth

1/8 in. (6 mm) min.,
1 in. (25 mm) max.

See FIGURE 16 in
MIL-STD -1472D.
(5.4.3.1.7.3)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610
DESIGN CHECKLIST

eJComponents SLIDE SWITCHES
'HIF Consderatlons Direction & Force, Clearance & Separation

bbrevi.at.o Slide

Detailed Design Considerations YES NO N/A Comment

220. RESISTANCE:

10 oz. (280 inN) min.,
16 oz. (450 mN) max.

10 oz. (280 raN) min.,
40 oz. (11 N) max,

See FIGURE 16 in
MIL-STD-1 472D.
(5.4.3.1.7.3)

221. SEPARATION:
Single finger ogeratio

3/4 in. (19 mm) min.,
2 in. (50 mm) optimum,

Single finger seauentiali
1/2 in. (13 mm) min.,
1 in. (25 mm) optimum.

Simultaneo us oDerat.n by
different fingers

5/8 in. (16 mm) min.,
3/4 in. (19 mm) max.

See FIGURE 16 in
MIL-STD-1 472D.
(5.4.3.1.7.3)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Component3 DISCRETE PUSH-PULL CONTROLS

HF Considerations Functionality
Abbreviation Push Pull

Detailed Design Considerations YES NO N/A Comment

222. Push-pull controls are used for
selection of two discrete functions
when such applications are typi-
cally expected or in special cases
when panel space is limited.
(5,4.3.1 .8.1)

223. Three-position push-pull controls
are used only when inadvertent ac-
tivation poses no serious conse-
quences. (5.4.3.1.8.1)

224. Push-pull nonrotating controls are
affixed to nonrotating shafts.
(5.4.3.1.8.3)

225. Use, location and operating axis of
push-pull control precludes inad-
vertent activation or catching
clothing, ccmmunications cables,
etc. on control. (5.4.3.1.8.5)

226. Push-pull rotating controls are
equipped with a handle or serrated
knob to facilitate a slip-free turn-
ing grip. (5.4.3.1.8.3)

227. Mechanical detents are incor-
porated to provide tactile indication
of positions. (5.4.3.1.8.4)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

-Components DISCRETE PUSH-PULL CONTROLS

IHF Considerations Size & Shape

Abbrovl.tlon Push Pull

Detailed Design Considerations YES NO N/A Comment

228. DIMENSIONS:
a) Diameter

Low resistance push-Dull two

3/4 in. (19 mm) min.
M'inature electrical panel

1/4 in. (6 mm) min.

b) Width
High force push-DuOl

4 in. (100 mm) min.
Handle pulls with oloves

5 in. (125 mm) min.
Handle Dulls without gloves

4 in. (100 mm) min.
S•!c ) Length

Miniature electrical panel

3/4 in. (19 mm) min.

d) Depth
High force Dush-Dull

5/8 in. (16 mm) min.,
1 1/2 in, (38 mm) max.

5/8 in. (16 mm) min.,
1 1/2 in. (38 mm) max.

See TABLE Xl in MIL-STD-1472D.
(5.4.3.11.8.2)

YES = Adequate NO= Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components DISCRETE PUSH-PULL CONTROLS

HF Considerations Size & Shape (Cont.)

AAbbreviatlone Push Pull

Detailed Design Considerations YES NO N/A Comment

229. GPASP CLEARANCE:
Low resistance push-pul.w
position wilh gloves

1 1/2 in. (38 mm) min.

1 in. (25 mm) min.
igh force push-Dull with a

1 3/4 in, (31 mm) min.
Wilthout g Ioy.u.

1 in. (25 mm) min.

1 1,'2 in. (38 mm) mrin.
See TABLE Xl in MIL-STD-1472D.
(5.4.3,1.8.2)

230. DISPLACEMENT:

Low resistance push-ppLltwLo

1/2 in. (13 mm) min.,
1 1/2 in. (38 mm) max.

Three position uh-Wulw

1/2 in. (13 mm) min.
between positions.

Miniature electrical panel -'L.fl
1/2 in, (13 mm) min.

High force push-oul
1 in. (25 minn.) min,,
2 in. (50 mm) preferrea.

Handig Ulis
1 in. (38 mm) min.,
2 in. (50 mm) preferred.

See TABLE Xl in MIL-STD-1472D,
(5.4.3.1.8.2)

YES = Adequate NO = Pnadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

ICerponents DISCRETE PUSH-PULL CONTROLS]
HIF Considerations Direcilon & Force, Clearance & Separation

Abbreviation Push Pull

Detailed Design Considerations YES NO N/A Comment

231. Pull turns on or activates; push
turns off or deactivates.
(5.4.3.1.8.6)

232. Clockwise rotation is used for in-
creasing function of pull/rotary
controls. (5.4.3.1.8.6)

233. Force for finger pulled controls
does not exceed 4 lbs. (1.8 kg).
(5.4.3.1.8.7)

234. Force for four-finger T-bar con-
trols does not exceed 10 lbs. (4.5
kg). (5.4.3.1.8.7)

235. SEPARATION:
Low resistance Dush-Dull. two
position with gloves

2 in. (50 mm) min.

1 1/2 in. (38 mm) min.
Miniature electrical panel switch

1 in. (25 mm) min.

1/2 in. (13 mm) min.
See TABLE XI in MIL-STD-1472D.
(5.4.3.1.8.2)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

H ComponCnt. PRINTED CIRCUIT SWITCHES

HF Considerations Funcfionulity

Abbreviation Print Circ

Detailed Design Considerations YES NO N/A Comment

236. Printed circuit switches are used
when manual programming func-
tions are required in systems
characterized by printed circui,
boards. (5.4.3.1.9.1)

237. Actuator does not stop between pos-
itions. (5.4.3.1.9.2)

238, When actuators are the slide type,
the minimum displacement between
settings is twice the length of the
actuator. When of rocker type, the
actuated wing is flush with module.
(5.4.3.1,9.2)

239. Manipulation of actuators does not
require use of special tools.
(5.4.3.1.9.2)

240. Size of actuators permits error-
free manipulation with use of some
commonly available object as a
stylus. (5.4.3.1.9.2)

241. Actuator surface is sufficiently
indented to accept stylus tip and
prevent stylus slippage.
(5.4.3.1.9.3)

242. Resistance increases until actuator
snaps into position. (5.4.3.1,9.2)

YES = Adequate NO = Inadequate N/A Not Applicable
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1s May 1990 TOP 1.-2-111

DESIGN CHECKLIST

fComponents LEV E

HF Conaldloratlons Functionality, Size & shape
Abb reviat Ion Lover

Detailed Design Considerations YES NO N/A Comment

243. Latches on levers do not cause delay
in operation. (5.4.1.8.3)

244. Where levers are used for fine or
continuous adjustment, limb sup-
port is provided as follows:
Large hand mogegineats - elbow

support provided,
;j all hand moi.Qy ,Jg= - lorearmr

support provided,
Finger movements - wrist

support provided.
(5.4.3.2.1.4)

24 5. DIMENSIONS- Handle Diameter-

05 in. (13 mm) min.,
1.5 in. (38 rmm) max.

1.5 in. (38 nmm) min.,
3.0 in. (75 mm) max.

See FIGURE 17 in
MIL-STD-1472D
(5.4.3.2.1.5)

246. DISPLACEMENT:
Foraard

14.0 in. (360 mm) max.

38.0 in. (970 mm) max.
(5.4.3.2.1.7)

YES = Adequate NO Inadequate N/A : Not Applicable
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"1 May 1900 TOP 1-2-610

DESIGN CHECKLIST

Components LEVERS

HF Considerations Direction & Force, Clearance & Separation

Abbrevistion Lever'
:: _ .. .. m, I -lB

Detailed Design Considerations YES NO /i A Comment

24 7. RESISTANCE:

2 lb. (9 N) mrin.,
30 lb. (135 N) max.

2 lb. (9 N) min.,
50 lb. (220 N) max.

Lateral -n Handji
2 lb. (9 N) miin.,
20 lb. (90 N) max.

Lateral - Two Hands
2 lb. (9 N) min.,
30 lb. (135 N) max.

See FIGURE 17 in
MIL-STD- 1 472D.
(5.4.3.2.1.6)

24 8. SEPARATION:
wOrv Hand Random

2 in. (50 mm) min.,
4 in. (100 mm) preferred.

ITw, Hands Simultaneously
3 in. (75 mrn) min.,
5 in. (125 mm) preferred.

See FIGURE 17 in
MIL-STD-1472D.
(5,4.3.2.1.7)

YES : Adequate NO :nadequate N/A : Not Applicable

B B-108



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST
' ;Components DISPLACEMENT (ISOTONIC) JOYSTICKS'

-- o on nt -il-•. . .

HIF Considerations Functionality

Abbreviefion ______Disp Stick

Detailed Design Considerations YES NO N/A Comment

249. Displacement joysticks are used
when task requires precise or
continuous control movements in
two or more related dimensions.
(5.4.3.2.2)

250, Displacement joysticks are used
when positioning accuracy is more
important than positioning speed.
(5.4.3,2.2)

251. A discrete mechanism is provided
for activation/deactivation of the
controller. (5.15.2.6.2)

252. In rate control applications where
the cursor or controlled element
may move off the display, indi-
cation is provided to aid the
operator in bringing it back onto
the display. (5.4.3.2.2)

253. In rate control applications, dis-
p!acement joystick is spring loaded
to return to center when the hand
is removed. (5.4.3.2.2)

254. Displacement joystick with center
deadband or hysteresis has pro-
vision to maintain registration
between display center and stick
displacement center. (5.4,3.2.2)

255. Controller movement is smooth in
all directions.
(5.4.3.2,2.2.2',

"YES = Adequate NO =hadequate N/A Not Applicable
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15 May logo TOP 1-2-610

DESIGN CHECKLIST

O Compononts DISPLACEMENT (ISOTONIC) JOYSTiCKSI

HF Conalderstions Functlotality (Cont.)l

Abbreviation Dkip St ck]

Detailed Design Considerations YES NO N/A Comment

256, Position control of the controlled
elemeni or cursor is atlained
without noticeable backlash,
cross-coupling or need for mul-
tiple corrective movements.
(5.4.3.2.2.1.2, 5.4.3.2.2.2.2)

257. Control ratio, friction and inertia
are suitable for both gross and fine
positioning.
(5.4.3.2,2.1.2, 5.4.3.2.2.2.2)

258. Displacement joystick used for
free-drawn CRT graphics results
in the appearance of a continuous
track. Delay between control input
and screen response does not exceed
0.1 second.
(5.4.3.2,2.1.2, 5.4.3.2.2.2.2)

VES = Adequate NO = Inadceqia! N/A Not Applicablee B-110



15 May '1990 TOP 1-2-610

DESIGN CHECKLIST

jCo•.°p-•ono nt-s DISPLACEMENT (ISOTONIC) JOYSTICKS

IF Conalderaticns Location & Arrangement

- - - ___ __ ___ ___ ___ Disp Stick

Detailed Design Considerations YESj NO N/A Comment

259. Location and mounting of modular
controller device aliows operation
oi the stick withou! slippage,
movement or tilting of the mount-
ing base. (5.4.3.2.2.1.3,
5.4.3,2.3.2.3, 5.4.3.2.3.3.3)

260. Hand operated conrollars are lo-
cated and mounted to provide
forearm support. (5.4.3.2.2.1.3)

261. Finger operated controllers are
mounted on a desk or shelf surface.
(5.4.3.2.2.2.3)

262. Finger operated controllers are
located and mounted to provide
forearm or wrist support.
(5.4.3.2.2.23)

263. Thumbtip or fingertip operated
controllers are iocated and mounted
to provide forearm or wrist sup-
pcrt. (5.4.3.2.2.3.3)

264. If a thumbtip or fingertip operated
conlroller is mounted on a hand
grip, the hand grip does riot simul-
taneously function as a controller.
(5,4.3.2.2.3.1

YES = Adequate NO = Inadequate N/A Not Applicable
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16 May 1990 TOP 1.2-610

DESIGN CHECKLIST

Components DISPLACEMENT (ISOTONIC) JOYSTICKS

-HF Considerations Size & Shape

Abbrevlatlon Disp Stick

Detailed Design Considerations YES NO N/A Comment

265. DIMENSIONS:
a) Hand Operated Controller

Hand Grip Lenoth
4.3 in. (110 mm) min.,
7.1 in. (180 mm) max.

Hand Grid Diameter
2.0 in. (50 mm) max.

See FIGURE 18 in
MIL-STD- 1472D.
(5.4.3,2.2.1.3)

b) Finger Operated Controller
finger Grid Lenoth

3.0 in. (75 mm) min.,
6.0 in. (150 mm) max.

Finger GriD Diameter
0.25 in. (6.5 mm) min.,
0.625 in. (16 mm) max.

See FIGURE 18 in
MIL-STD-1 472D.
(5.4.3.2.2.2.3)

266, DISPLACEMENT:
AngIle Frm Ce~nte

450 (0.8 rad ) max.

See FIGURE 18 in
MIL-STD-1 472D.
(5.4.3.2.2.1.2, 5.4.3.2.2.2.2)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components DISPLACEMENT (ISOTONIC) JOYSTICKS]

HF Considerations Direction & Force, Clearance & Separation]

Abbreviation Disp Stick]

Detailed Design Considerations YES NO N/A Comment

2 6 7. RESISTANCE:
Finger Operated Controller

12 oz. (330 mN) min.,
32 oz. (890 mN) max.

See FIGURE 18 in
MIL-STD-1472D.
(5.4-3.2.2.2.3)

26 8. CLEARANCE:
a) Hand Operated Controller

S&tes
4.0 in. (100 mm) min.

2.0 in. (50 mm) min.
See FIGURE 18 in
MIL-STD-1472D.
(5.4.3.2.2.1.3)

b) Finger Operated Controller

0 min.,
15 3/4 in. (400 mm) max.

Maximum stick excursion
plus 4 in. (100 mm)

Stick to shelf front
4 3/4 in. (120 rnm) min.
9 7/8 in. (250 mm) max.

See FIGURE 18 in
MIL-STD- 1 472D.
(5.4.3.2.2.2.3)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components FORCE (STIFF OR ISOMETRIC) JOYSTICKS

HF Consideratlons Functionality

Abbreviation Force Stick

Detailed Design Considerations YES NO N/A Comment

269. Force joysticks are used in
applications which require:
a) Precise return to center after

each entry.
b) Visual rather than kinesthetic

response feedback.
c) Minimal delay and tight

coupling between control input
and system reaction.

d) Rapid positioning response
rather than high positioning
accuracy.

(5.4.3.2.3)

270. Force joysticks are not used in
applications in which:
a) The operator would be required

to apply force over an extended
period of time.

b) There is no definitive feedback
to indicate that maximum
control inputs have been
exceeded.

(5.4.3.2.3)

271. A discrete mechanism is provided
for activation/deactivation of the
controller. (5.15.2.6.2)

272. In rate control applications where
the cursor or controlled element
may move off the display, indi-
cation is provided to aid the
operator in bringing it back onto
the display. (5.4.3.2.3)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Componetits FORCE (STIFF OR ISOMETRIC) JOYSTICKSJ

HF Considerations Location & Arrangement

Abbreviation Force Stick

Detailed Design Considerations YES NO N/A Comment

273. Location and mounting of modular
controller device allows operation
of the stick without slippage,
movement or tilting of the mount-
ing base. (5.4.3.2.3.1.3,
5.4.3.2.3.2.3, 5.4.3.2.3.3.3)

274. Hand operated controllers are loca-
ted and mounted to provide forearm
support. (5.4.3.2.3.1.3)

275. Finger operated controllers are
mounted on a desk or shelf surface.
(5.4.3.2.3.2.3)

276. Finger operated controllers are
located and mounted to provide
forearm or wrist support.
(5.4.3.2.3.2.3)

277. Thumbtip or fingertip operated
controllers are located and mounted
to provide forearm or wrist sup-
port. (5.4.3.2.3.2.3)

278. If a thumbtip or fingertip operated
controller is mounted on a hand
grip, the hand grip does not
simultaneously function as a con-
troller, 5.4.3.2.3.3.1)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components FORCE (STIFF OR ISOMETRIC) JOYSTICKS

SCondo.rations Size & Shape, Direction & Force, Clarance & Separation

IAbbrevlatlon Force Stick

Detailed Design Considerations YES NO N/A Comment

279. DIMENSIONS:
Hand-Operated Stick
Hand Grip Lenoth

4.3 in, (110 mm) min,
7.1 in. (180 mm) max.

Hand Grip Diameter
2.0 in. (50 mm) max.

(5.4.3.2.3.1.3)

280. RESJSTANCE:
H3nd-Operated Stick
Force for Full Output

26.7 Ib. (118 N) max.
(5.4.3.2.3.1.2)

281. CLEARANCE
Hand-Operated Stick

4.0 in. (100 mm) min.

2.0 in. (50 mm) min.
(5.4,3.2.3,1.3)

IJ

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components BALL CONTROLS

HF Considerations Functionality

Abbreviation Ball

Detailed Design Considerations YES NO NIA Comment

282. Ball control is used for applica-
tions which require accumulative
travel of the controlled element or
cursor in a given direction.
(5.4.3.2.4.1)

283. Ball control is used only as a
position control where cursor
position is proportional to ball
rotation angle. (5.4.3.2.4.1)

284. In applications where the cursor or
controlled element may move off
the display, indication is provided
to aid the operator in bringing it
back onto the display.
(5.4.3.2.4.1)

"285. Ball control is capable of rotation
in any direction necessary to pro-
duce any combination of X and Y
cursor positions. (5.4.3.2.4.2)

286. Ball rotates smoothly in any
direction without backlash or
cross-coupling. (5.4.3.2.4.2)

287. Control ratios and dynamic features
are appropriate for both rapid
gross and precise fine positioning.
(5.4 3.2.4.2)

288. A discrete mechanism is provided
for activation/deactivation.
(5.15.2.6.2)

289. Suitable wrist and/or arm support
is provided for precise or continu.
ous adjustments. (5.4.3.2.4.3)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components BALL CONTROLS

HF Considerations Size & Shape, Direction & Force

Abbreviation Ball

Detailed Design Considerations YES NO N/A Comment

290. DIMENSIONS:
[2iametp,

2.0 in. (50 mm) min.,
6.0 in. (150 mm) max.,
4.0 in. (100 mm) preferred.

1000 (1545 mrad) min.,
1400 (2445 mrad) max.,
1200 (2095 mrad) preferred.

See FIGURE 19 in
MIL-STD-1 472D.
(5,4.3.2.4.4)

291. Smaller diameter bali controls are
used oniy under severe space con-
straints and when precision is not
essential. (5.4.3.2.4.4)

292. RESISTANCE:

3.6 oz. (1 N) max.,
1.1 oz. (0.3 N) preferred.

Vibration or acceleration

6 oz. (1.7 N) max.
See FIGURE 19 in
MIL-STD- 1 472D.
(5.4.3.2.4.4)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components BALL CONTROLS

HF Considerations Clearance & Separation

Abbreviation BalI

Detailed Design Considerations YES NO N/A Comment

293. CLEARANCE

0 min.,
12.675 in. (320 mm) max.

Argupn baf
2.0 in. (50 mm) min.

Ball to shelf front
4.75 in. (120 mm) min.,
9.75 in. (250 mm) max.

See FIGURE 19 in
MIL-STD-1 472D.
(5.4.3.2.4.4)

-J

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components GRID & STYLUS DEVICES

HIF Considerations Functionality
Abbreviation Grid

Detailed Design Considerations VES NO N/A Comment

294. Grid-and-stylus device is used for
CRT data retrieval, entry of points
on a display, generation of free-
drawn graphics or similar appli-
cations. (5.4.3.2.5.1)

295. Grid & stylus device is used only
for position control where the
cursor displacement is propor-
tional to stylus displacement from
the reference point. (5.4.3.2.5.1)

296. Movement of stylus in any
direction on the grid surface
results in a proportional move-
ment of cursor on display.
(5.4.3.2.5.2)

297. Discrete placement of stylus at any
point on grid causes the cursor to
move to the corresponding position
and remain at this position until
the stylus is moved along the grid
or placed at another discrete point
on the grid. (5.4.3.2.5.2)

298. The refresh rate for the cursoo, is
great enough to create the
appearance of a continuous track
for free drawn graphics.
(5.4.3.2.5.2)

299. A discrete mechanism is provided
for activation/ deactivation.
(5.15.2.6.2)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components GRID & STYLUS DEVICESHI Conideatons, Size _& sShape
iAbbreviation .... Grid-

Detailed Design Considerations YES NO N/A Comment

300. Transparent grids used as display
overlays contorm to the size of the
display. (5.4.3.2.5.3)

301. Displaced grids approximately the
size of the display are mounted
below the display. (5.4.3.2.5.3)

0

S Li
YES = Adequate NO Inadequate N/A Not Applicable
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16 May 1990 TOP 1-2,610

DESIGN CHECKI.9T

C *m poa i'n FREE MOVING XY CONTROLLER (MOUSE)

HrF Con.aldrtlmns Functionality

Abbreviation mo.s-

Detailed Design Considerations YES NO N/A Comment

102. Free-moving controllers are used
,)n flat surface to control the posi-
tion of the c:jrsor on the display.

(5.4.3.2.6.1)

303. Free-moving ccntrollers are used
for data retrieval or entry.
(5.4.3.2.6.1)

304. Free-moving contro!Iers are [u~J
used for constructing free drawn
graphics. (5.4.3.2.6.1)

305. Cursor displacement is propor-
tional to controller displacement.
(5.4.3.2.6.2)

306. Controller is operable w0i either
hand. (5.4.3.2.6.2)

307. In applicaticris where the cursor or
cont,olled element may move off
the display, indication is provided
to aid the operator in bringing it
back onto the display.
(5.4.3.2.6.2)

308. The controller allows the operator
to consistently orient it to within
100 (175 mrad) of the intended
orientation. (5.4.3.2.6.2)

309. The controller is readily operated
in any direction without a change of
hand giasp. (5.4.3.2.6.2)

YES = Adequate NO 'nadsquate N/A Not Applicable
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16 Miy 1990 TOP 1-2-610

DESIGN CHECKLIST

Componants FREE MOVING XY CONTROLLER (MOUSE.

HF Consideratlons Functionality, Size & Shap•J

nbbrevlston Mousej

Detailed Deslgro Considerations YES NO N/A Comment

310. A complete excursion of the con-
troller from era side of the
maneuvering area to the other
moves f'•e cursor from one side of
th'e screen to the other regardless
of scale setting unless exparided
movement has been selected.
(5.4.3.2.6.2)

311. A discrete mechanism is provided
for activation/ deactivation.
(5.1 5.d..6.2)

312. The free-moving controller is ap-
proximately rectangular in shape
with no sharp edges.
(5.4.3.2.6.3)

31 3. DIMENSIONS
Mb_.pnned b'fne otl]J

WiLL=d um

1.6 in. (40 mnm) min.,
2.8 in. (70 mm) max.

2.8 in. (70 mm) min.,
4.7 in. (120 mm) max.

1.0 in. (25 mrn) mrin.,
1.6 in. (40 mm) ma.

(5.4.3.2.6.3)

YES = Adequate NO = Inadequate NiA Not Applicable
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15 IaW, 1090 TorP 1-2-610

DESIGM CHECKLIST

Carmponents LIGHT PEN

HIF Considers-flona F unctio nal Iit y
Abbr*vi ation Light Pen

talld Design Consideratlons YES N/NA Comment

314. Light pens are used as a track or;-
ented dasign.,ion device or as a
substitute controller for grid and-
stylus dev.•:r.s. (5.4.3.2.7.1)

315 Light pens ae used for item selec.-
tion type data entry tasks.
(5 15.25.1

316. L;Wht pens c.• • t used where
critical or procise input tuic~ions
are -6quired, (5.15.2.5.1)

317. Light pens are equipped with a
discrete activating/deactivating
me •hansrr,. (5.15,2.5.3i

• 318. A clip is installed a, the lower
right side of ti~e CRT to servp si a
pen holder. (5.4.3.2.7.3)

319. Feedback is provided for light pen
placement on the screen.
(5.15.2.5.4)

320. Feedback is provided for light pen
actuation and reception of input.
(5.15.2.5.4)

321. Discrete placement of light pert at
•ny point on grid causes the cursor
to move to the corresponding po,,i-
tion and remain at this position
uwiil the pen is moved along the
grid or placed at another discrete
point or. thfý grid. (5.4.3.2.7.2)

YES = Adequate NO = Ingdoquate N/A Not Applicable

B-124



14 Mlf 190 TOP 1-2-610

DESIGN CHECKLIST

WCom~po~n ents LIGHT PEN
HF Con.iderst.o.. Size & Shape, Dircilon & Force

Abbr.vation Light Pen

Detailed Design Considerations YES NO N/A Comment

3 22. DIM~NSIONS:

A.7 in. (120 mm) min.,
7.1 in. (180 mm) max.

0.3 in (7.6 mm) min.,
0.8 in. (20.3 rmm) max.

(5.4.3.2.7.3)

323. RE.SSTANCE:
Light per push-tip sw;tches. if
used, require actuation force as
follows:
2.0 oz. (0.5 N) min.,
5.0 oz. (1.4 N) max.
(5.15.2.5.3)

®k

A YES = Adequate NO = Inadeauate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Comnponents PEDALS

HF Considerations Functionality

,Abbrevlation Pedal,

Detailed Design Considerations YES NO N/Al Comment

324. Pedais are used:
a) When control operation

requires greater force than
upper body can supply.

b) When force approaches upper
body fatigue threshold.

c) When both operator's hands are
busy with other controls.

d) To conform to control
stereotypes.

e) As provision for alternate
safety shut-down control.

f) For distribution of workload.
(5.4.1.8.6.1, 5.4.3.22.8.1)

325. Pedals are nt used:
a) If balance-imposed risks exist

for standing operators.
b) When control precision is

required,
c) When selection among many

controls is required.
(5.4.1.8.6.2)

326. Pedal operation does nai require:
a) Frequent maximum reaching.
b) Holding leg or foot in awkward

position for extended period of
time.

c) Frequent operation or extended
period of time in a twisted
seating position.

d) Maximum force application
frequently or for extended
period of time.

e) Search for one pedal among
many.

(5.4.1.8.6.3)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components PEDALS

HF Considerations Location & Arrangement, Size & Shape

Abbreviation Pedal

Detailed Design Considerations YES NO NN/ A Comment

327. Pedals can be reached without
stretching or twisting at torso.
(5.4.3.2.8.2)

328. A heel rest is provided when pedal
angle exceeds 200 from the hori-
zontal. (5.4.3.2.8.2)

329. Pedal returns to original position
when foot is removed.
(5.4,3.2.8.3)

330. Pedal is located to avoid accidental
activation, entrapment of the foot
and entrapment of clothing.
(5.4.1.8.6.3

331. The following are provided to faci-
litate leverage where high pedal
force is required :
a) Seat backrests.
b) Seat height/pedal arrangement

to create an upper thigh to low-
er leg angle of approximately
1600 (2790 mrad).

c) Double width pedals.
(5.4.3.2.8.5)

332. DIMENSIONS:

1.0 in. (25 mm) min.

3.0 in. (75 mm) min.
See FIGURE 20 in
MI L-STD-1472D.
(5.4.3.2.8.7)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components PEDALS

HF Considerations Size & Shape (Cont.)

A Abbrevlation Pedal

•i- Ii- -

Detailed Design Considerations YES NO N/A Comment

333. DISPLACEMENT:
Normal Qperati0n

0.5 in. (13 mm) min.,
2.5 in. (65 mm) max.

1.0 in. (25 mm) min.,
2.5 in. (65 mm) max.

Ankle Flexon
1.0 in. (25 mm) min.,
2.5 in. (65 mm) max.

Iota[ Lea Mgyemer=

1.0 in. (25 mm) min.,
7.0 in. (180 mm) max.

See FIGURE 20 in
MIL-STD-1 472D.
(5.4.3.2.8.7)

334. Pedals requiring high force appli-
cation have non-skid surface.
(5.4.3.2.8.6)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

C Components PEDALS

HF Conalderations Direction & Force, Clearance & Separation

Abbroviatlon Pedal

Detailed Design Considerations YES NO N/A Comment

335. RESISTANCE:
Foot Not Resting on Pedal

4 lb. (18 N) min.,
20 lb. (90 N) max.

Foot Resting on Pedal
10 lb. (45 N) min.,
20 lb. (90 N) max.

Ankle Flexion Only
10 lb. (45 N) max.

Total Leo MovemenI
10 lb. (45 N) min.,
180 lb. (800 N) max.

See FIGURE 20 in
MIL.S "D-1472D.
(5.4.3.2.8.7)

336, Sufficient resistance is incor-
porated to prevent inadvertent
activation while foot is resting on
pedal. (5.4.3.2.8.3)

337, SEPARATION:
One Foot Ranm

4.0 in. (100 mm) min.,
6.0 in. (150 mm) preferred.

One Foot Sequential
2.0 in. (50 mm) min.,
4.0 in. (100 mm) preferred.

See FIGURE 20 in MIL-STD-
1472D.
(5.4.3.2.8.7)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components HIGH FORCE CONTROLS1

HF Considerations Location & Arrangeme._nt, Force, Operating Procedures

Abbreviatlon High Force

Detailed Design Considerations YES NO N/A Comment

338. Forces are below strength limits of
the lowest segment of the user pop-
ulation. (5.4.4.1)

339. Controls provide appropriate limb
and body support, (5,.4.41)

340. Maximum sustained operation is 3
seconds. (5.4,4.1)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Component. MINIATURE CONTROLS]
HIF Considerations Functionality, Size, Force, Separatlon, Use Conditions]

AbbrevIation MinJ

Detailed Design Considerations YES NO N/A Comment

341. Miniature conrots are used only
under severe space constraints.
(5.4.5,1)

342. Miniature controls are used when
heavy gloves or mittens are not re-
quired. (5.4.5.1)

343. Size and separation is the maxi-
mum for the space allotted.
(5.4.5 2)

344. Resistance and displacement re-
quirements are equivalent to
standard size controls. (5.4.5.3)

YES = Adaquate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components TOUCH-SCREENS

IHF Considerations Functlonality, Size, Force, Separation

,Abbrevlatlon Tcuch

Detailed Design Considerations YES NO N/A Comment

345. Touch-screen is used where direct
visual reference and direct control
access to a display device is re-
quired. (5.4.6.1)

346. Positive indication is provided of
the response of the system to the
control action. (5.4.6.3)

347. DIMENSIONS:
The dimensions of responsive areas
of the touch-screen conform to
those required for legend switches
as follows:
0.75 in. (19 mm) min.,
1.5 in. (38 mm) max.
See FIGURE 14 in
MIL-STD-1 472D.

* (5.4.6.4)

348. RESJSTANCE:
0.9 oz. (250 mN) min.,
5.3 oz. (1.5 N) max.
(5.4.6.5)

349. SEPARATION:
The separation between responsive
areas of the touch-screen conforms
to the barrier width required for
legend switches as follows:
0.125 in. (3 mm) min.,
0.25 in. (6 mm) max.
See FIGURE 14 in
MIL-STD-1 472D.
(5.4.6.4)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components TOUCH-SCREENSI

HF Considerations Visiblity & Identification]

Abbreviation Touch]

Detailed Design Considerations YES NO N/A Comment

350. Luminance transmittance cf touch-
screen allows the display to be read
easily in the intended illumination
environment. (5.4.6.2)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components CIRCUIT BREAKER

HF Considerations Functionality, Size & Shape, Force, Separation

Abbreviation Breaker

Detalled Design Considerations YES NO N/A Comment

351. Circuit breaker controls are of the
toggle bat or legend switch type.
(5.9.17.2.4)

352. Push-pull breakers are not used
as power switches. (5.9.17.2.4)

353. Toggle bat actuated breakers com-
ply with design criteria for toggle
switches. (5.9.17.2.5)

354. Legend switch actuated breakers
comply with design criteria for
iegend switches. (5.6.17.2.5)

355. Push-pull actuated breakers corn-
piy with design criteria for dis-
crete push-pull controls.
(5.9. 7.2.5)

YES = Adequate NO Inadequate N/A = Not Applicable
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1S May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components CONTROLED CURSORS

Considerations Functionality, Size & Shape

AobrevltIovn Cursor

Detliled Design Considerations YES NO N/A Comment

3S6, Cutsor sensitivity/speed is ad-

justable by user. (5.15.2.1.8.1)

357, If fine positioning accuracy is
required, Phe cursor has a point
designatiorn ealjr,.
(5.15.2.1.8.2)

358. Cursor home position is consistent
across similar types of displays.
(5.15.2.1.8.3)

359. Where & posit~on on the display .s

to be designated, this is accom-
plished by a control action distinct
from that used to move the curcor.
(5.15.2.1.8.4)

360. Cursor movement increment (step
size) is consistent horizontally
(both right arid lett) and vertically
(both up and down).
(5.15.2-i-8,5)

361. Where 1ha primary task is key-
board data entry the cursor is
conitrolled by a key or by a device
located on the main kg,,board.
(5.15.2.1.8.6)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May '990 TOP 1-2-610

DESIGN CHECKLIST

O C- nant . CONTROLED CURSORS

HFI Conalderatlon•, Direction, Visibility & Illumination

Abbreviation Cursor

Detailed Des!gn Considerations YES NO N/A Comment

362. The direction of cursor movement
in response to a control input is
consistent, predictable and com-
patible with the user's expec-
tations. (5.15.2.1.8.7)

363. Movable cursors can be readily
distinguished from other display
elements. (5.15.2.1.8.2)

364. Movable cursors do not obscure
other displayed information.
(5.1 5.2.1.8.2)

YES = Adequate NO I Inadequate N/A = Not Applicable
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15 May 1990 TOP I.?A$i0

DESIGN CHECKLIST

Components COMPUTER DATA ENTR'Y

HIP Conaldo,'s'iolls Functlont•~lty, Size & Shape

Detailed Design N.ansidera.,.,, ,=E, KO N/A Comment

365. Data entr. is paced by the itst.,
(5.15.2,1.1)

366, The system provides positive fGed-
back to the user of the 4cccpiance
or rejection cf a data entry.
(5.15.2.1.2)

367. Where system overload o, cther
sysltem conditions will result in a
processqn0 delay, tht, system:
a) Ackn~owledges data entry.
b) Prov;r.es an -ndication of the

delay to the user.
(5.15.2.1.3)

368. Data entry requirs an explicit
comnpletion action, such as the
depressio, of an ENTER key.
(5. 15.2.1.4)

YES Adequate NO Inadequate N/A Not Applicable
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IS May 1i140 TOP 1-24.i10

DESIGN CHECKLUST

jornonnts INTERACTIVE COMPUTER CONTROL

L IFF Conaldovatlons 
Function ality

Ab! l--t-v=-t-m Int Control

Detailed Design ronsiderattons YES NO N/A Comment

369. Control dialog type is consistent
with task requiremnents and user
skills. (5.15.4.1)

370. System response time following
control action is consisient with
operati'xnel requirements. i
(5.15.4.1.1)

171. ,4eyboard lockout is provided wheie
appropriate becaus, of processingItime. (5.15.4.1.1.1)

372. ýt keyboard lockout occurs, indics-
tion is provid¢d of the locked/
available status of !he keyboard.10 1(5. 15.41.1,,2)l

373. If keybo3rd locknut occurs, a capa-
bil:ty is provided to abort lhe
transaction without losing inputs
which occjr~ed prior lo the lock-
out. (5.15.4.1.1.3)

374. Ct Wnrol/display relationships are
straightforward and explicit.
(5.15.4.1.2)

375. Control actions ore simple and di-
rect. (5.15.4.1.2)

376. Provisions are made ýo prevent
accidental actuation of potentially
destructive control actions,
including the possibility of
accidenta erasure or memory
dump. (5.15.4.1.3)

YES = Adequate NO = Inadequate N/A = Not Arpplicable
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1s May 1990 TOP 1-2-610

D)ESIGN CHECKLIST

I omponrnis 114TERACTIVE COMPUTER CON'TROL

|HF Conslderatlons Functilonallty (Cont.)

Abbreviatlon Int Cotitrol

Detailed Design Considerations YES NO N/A Comment

377. Controls are compatible with ihe
iowesi anticipated user skill levels.
(5.15.4.1 .4)

378. Info;matio,' necessary to setect or
enter a control action is availible
to the user wher the control iction
is approprlate. (5,1L34.1.5)

379. User control nputs result r a
poskiive fee'back response dis-
played to indicate pefiormance of
requested actions. (5.15.4.1.6)

380. Control feedback responses to cor-
rect user input consists of changes
in state or value of those elements
of the displays which are being

IV controlled. (5.15.4.1.13)

381. The displayed cirsor iL. advanced by
a tab key to the next data entry
fieid when the user has compieted
entr, of the currenit field.
(5.15 .4 .3.6

382. A control is provided for user ac-
ceptance of stored data values or
defaults. (15.15.6.7)

383. Provision is made for the user to
stop the comiputer control process
and return to the state prior to the
last control input. 15.15.8.6)

384. In multi-step processes, provision
if, made for the user to retuwn to
previcus ievels. (5.15.8.6)

YES - Adequate NO = Inadequate N/A= Not Applicable
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13 May 11990 TOP 1-2-610

DESIGN CHECKLIST

0 r Comonents* INTERACTIVE COMPUTER CONTROL

HF Considerations Functionality (Cont.)

Abbrevltion -nt Control

Detailed Design Considerations YES NO N/A Comment

385. When the user enters correction of
an error, such corrections are
implemented by an explicit action
by the user (e.g., actuation of an
ENTER key). (5.15.8.8)

386. The system requires the user to
acknowledge critical entries prior
to their being implemented by the
system. (5.15.8.4)

YES = Adequate NO I Inadequate N/A : Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components MENU SELECTION COMPUTER CONTROL

HF Considerations Functionality
Abbrevlatlon Menu

Detailed Design Considerations YES NO -N/A Comment

387. System response time following
menu input is 0.2 sec. or less.
See TABLE XXVIII in
MIL-STD-1 472D.
(5.15.4.1)

388. Light pens or other pointing de-
vices are used for menu selection.
(5.15.4.2.2.1)

389. Separate control actions are pro-
vided for:
a) Designating a menu choice
b) Entering the menu choice.
(5.15.4.2.2.1)

390. A capability is provided to stack
* menu choices for execution in a

sequence without having each menu
displayed. (5.15.4.2.2.3)

391. Where a hierarchy of menus is
used, a capability is provided to
directly command items in sub-
menus without having each menu
displayed. (5.15.4.2.8)

392. Where a hierarchy of menus is
used, a capability is provided to
return to the next higher level
menu. (5.15.4.2.13)

393. Where a hierarchy of menus is
used, a capability is provided to
return to the top level menu.
(5.15.4.2.14)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

eComponents FORM FILLING COMPUTER CONTROL

IHF ConsIderation. Functionality

Abbreviation Form

Detailed Design Considerations YES NO N/A Comment

394. A TAD key or other control is pro-
vided to advance the cursor to the
next field in the form.
(5.15.4.3.6)

395. Form filling dialog is provided
where composition of complex con-
trol sequences is necessary.
(5.15.4.3.16)

L

YES = Adequate NO Inadequate N/A Not Applicable
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15 Hay 1f90 TOP 1.2-610

DESIGN CHECKLIST

Co C ponunt COMMAND LANGUAGE COMPUTER CONTROL

HF Conalderatlon, Functionality

Abbrevla tlion Cmd Lang

Detailed Design Considerations YES NO N/A Comment

396. The command language reflects the
user's point of view such that the
commands are logically related to
the user's conception of what is be-
ing done. (5.15.4.5,2)

397. Commands are distinctive from one
another. (5.15.4.5.3)

398. The command language contains a
minimum of punctuation or other
special characters. (5.15.4.5.4)

399. The user is permitted to enter the
full command name or an abbre-
viation for any command of more
than 5 characters. (5.15.4.5.5)

400. All commands and their abbre-
viations, if any, are standardized
and consistent with MIL-STD-12,
MIL-STD-411, or MIL-STD-783.
(5.15.4.5.6)

401. Commands are entered and dis-
played in a standard location on the
display. (5.15.4.5.7)

402. The user is able to request
prompts, as necessary, to deter-
mine required parameters in a
command entry. (5.15.4.5.8)

403. Command language structure and
complexity is consistent with user
skill level. (5.15.4.5.9)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components COMMAND LANGUAGE COMPUTER CONTROL

HF Consderations ......... _Functionality (Cont.)

Abbreviation Cmd Lang

Detailed Design Considerations YFS NO N/A Comment

404. User defined macro names which
are the same as a reserved word in
the command language are not
accepted by the system.
(5.15.4.5.10)

405. Capability is provided for command
editing using the same techniques
employed for editing of other data
entries. (5.15.4.5.11)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610
DESIGN CHECKLIST

,Components TEXT/PROGRAM EDITING CONTROL

HF Coneldleratlonv Functionality

Abbrevistlon Edit

Detailed Design Considerations YES NO N/A Comment

406. ROLL and SCROLL commands refer
to the display window, not the text/
data. (5.15.3.7.3)

407. Easy-to-use special editing com-
mands such as MOVE, COPY, and
DELETE, for adding, inserting, or
deleting text/program segments
ae provided. (5.15.37.4)

408. Text editing commands are based on
character, word, sentence, para-
graph or higher-order segments.
(5.15.3.7.4.1)

409. Program editing commands are
based on lines or subprograms.
(5.15.3.7.4.2)

410. When available, line-by.line syn-
tax checking is under user control.
(5.15.3.7.4.2)

411. For editing programs or tabular
data, cursor tab conirols or other
provisions for establishing and
moving readily from field to field
are provided. (5.15.3.7.4.3)

412. Where editing commands are en-
tered by keying onto the display,
the editing commands are readily
distinguishable from the displayed
text. (5.15.3.7.5)

413. An easy-to-use means is provided
for specification of format control
features during editing.
(5.15-3.7.9)

YES = Adequate NO = Inadequate N/A Not Applicable

B- 145



Is May 1990 TOP 1-2-610

DESIGN CHECKLIST

O IComponents TEXT/PROGRAM EDITING CONTROL

IHF Conlideratlons Functionality (Cont.)

Abbrevlaflon Edit

Detailed Design Considerations YES NO N/A Comment

414. In printing text, the capability is
provided for the user to select
printing options. (5.15.3.7.14)

415. Capability is provided to readily
move the cursor to the head (start)
or foot (end) of the text file
(5,15.3.7.15)

YES = Adequate NO Inadequate N/A Not Applicable

B-146



15 Mmy 1990 TOP 1-2-610

DESIGN CHECKLIST

6. SPECIAL CONTROLS

Coa~ntet trejtg EMg

Functionality Function B- 14 8
Location & Arrangement Loc B- 150
Direction & Force Dir B- 151
Clearance & Separation Clear B- 153
Visibiltiy & Identification Vis B- 154

0
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

OComponents SPECIAL CONTROLS

HF Conslderatlono Functionality

Abbreviation Function

Test Title

Test Project No. Date

Detailed Design Considerations YES NO N/A Comment

1. Aircraft control design conforms to
requirements of applicable stan-
dards for aircraft stations includ-
ing:
MIL-STD-203 MIL-STD-250
MIL-STD-411 MIL-STD-783
MIL-STD-850 MIL-STD-1333
MIL-STD-1776 MIL-STD-1787
MIL-STD-1800 MIL-STD-1801
MIL-L-5667 MIL-L-85762
MIL-L-87240 MIL-M-18012
MIL-P-7788 AFGS-87213A.
(5.14.2.1)

2. Firing mechanism for ejection
seats is located or protActed to pre-
clude inadvertent actuation.
(5.14.4.3.4)

3. Aircraft ejection system design
conforms to the requirements ot
MIL-S-9479 or MIL-S-18471.
(5.14.4.3)

4. Fixed wing aircraft control actua-
tions conform to reqjirements of
MIL-STD-203.

5. Rotary wing aircraft control act-
uations conform to requirements of
MIL-STD-250.

6. Ejection controls are operable by
3rd to 98th percentile crewman.

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESICN CHa-CKLIST

-Components_________________ SPECIAL CONTROLSJ
HF Consdert"ns ""°"Functionality_ (Cont

A......evLlet IIIII

Detailed Design Considerations YES NO N/ A Comment

7. Controls, switches, control guards,
and covers ate operable by gloved
hand. (5.4.1.6)

8. Rotary aircraft collective control
design conforms to thp require-
ments of MIL-STD-1333.

9. Actuation of controls and switches
involving flight safety are consis-
tent with previous models of the
particular aircraft,

10. Ejection controls do not jeopardize
user's safety or hinder emergpncy
e scap,.

11 . Single, multiple throttle control
design r, onfrrns to the require-
ments of MIL-STD-1333 except
that multiple throttle design is
based on forward mcst position of
throttle farthest from crewman.

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May IOga TOP 1-2-610

DESIGN CHECKLIST

Component__• SPECIAL CONTROLS

HF Consldertaions Location & Arrangement

Ab•reviatIon Loc

Detailed Design Considerations YES NOIN/A Comrfment

12. Ejection controls are readily ac-
cessible and ire operable by either
hand. (5.14.4.3.3)

13. Landing gtar !ock/release is oper-
able by hand or foot. ,5.12.7.1.4)

14. Fixed wing aircraft coc',pit control
locations confo~rn to requirements
of MIL-STD-203.

15. Rotar, wing aircraN cockpit
control locations conform to re-
quirements of MIL-STD-250.

16, Aircraft controls are operable with
shoulder harness locked.

17. Rotary wing aircraft have no
emergency control that requires
the removal of the pilot's right
hand from the cyclic stick.

YES = Adequate NO Inadequate N/A = Not Applicable
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1 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components SPECIAL CONTROLS

HF Considerations Direction & Force

Abbre yvet n r

Detailed Design Considerations YES NO N/A Comment

18 All *conventional" controls have
direction of movement which is
consistent with the related
movement of an associaled display,
equipment, ;omponent or vehicle.
(5.4.1.2.")

1 9. All "performance-related" controls
are designed so -hat actuation
forward, clockwise, to the right or
upward results in an increase in
the quantity being controlleti.
(5.4.1.2.1)

20. Controls for multidr'rensional op-
eration have direction of motion
relationships which are consistent
with operator expectations.
(5.4.1.2.2)

21. Overhead switch actuation ir,-
creases the quantity being con-
trolled whern moved:
a) Upward, if the panel forms an

angle of 0° to 300 (0 to 0.52
rad) with respect to the ver-
tical axis.

b) Forward, if the p'jnel forms an
angle greater than 300 (0.52
rad) and equal to or less than
900 (10.57 rad).

YES = Adequate NO Inadequate N/A Not ApplIcable
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16 May 1990 TCoP 1.2-lt)

DESIGN CHEZKIST

C Crmpon. wit a SPECIAL CONTROLS

111F Cornalderstlons 01roction &Forze (Cn.)

LAbbrovliilon U I r

Detailed Design Considerations YES 60O N/A Commnent

22. Primary or curtain ejection
control force :

20 lb. (9 kg) min.,
40 1b. (18 kg) max.
EiLU
30 1b. (14 kg) min.,
40 lb. (18 kg) max.

Alternate or D-ring:

20 lb. (9 kg) rain.,
40 lb. (18 kg) max,.

30 lb, (14 kg) min.,
40 lb. (18 kg) max.

-

YES r Adequate NO : Inadequate N/A Not Applicable
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1$ May 1990 TOP 1-2-610

DES;GN CHECKLIST
_ope_ an_ f_ SPE(CIAL CONTROLS

.F Condrat Ions Clearance & Separtion'

Detailed Design Considerations YES NO N/A Comment

23. Pitch and roll control cleaiarices
conform tc the requirements of
MiL-$- STD- , 333.

24 Y3w control clearances conform to
the requirements of MIL-STD-
1 333..

AYES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Compznents SPECIAL CONTROLS

HF Consideratlon Visibility & Identification

Abbreviation Vis

Detailed Design Conslderations YES NO N/A Comment

25, Emergency con!rols are coded using
yellow and black stripes or back-
ground. (5.4.1.4.5.5)

26. Emergency control colors are
limited to grey, black, white or
yellow.

27. Printed instructions in the cockpit
are minimized and lighted.

28. Cockpi! information is displayed:
lettering, numbering, markings,
symbols on displays, controls, and
control panels; emergency pro-
cedures for exiting and ditching;
flight and operational procedures;
radio call signs.

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S
7. DISPLAYS

CONTROL DISPLAY INTEGRATION CD Int B- 156
DISPLAYS - Functionality Function B- 158
DISPLAYS - Location & Arrangement Lcc B- 160
DISPLAYS - Direction Dir B- 162
DISPLAYS - Visibility & Identification Vis B- 163
DISPLAYS - Use Conditions & Safety Use B- 1 67
TRANS ILLUMINATED DISPLAYS Trans B- 168
SCALE INDICATORS Scale B- 174
CATHODE RAY TUBE DISPLAYS CRT B- 1 7 8
COMPUTER DISPLAY FORMATS Format B- 1 8 0
COMPUTER DISPLAY CONTENT Content B- 1 8 3
COMPUTER DISPLAY CODING CodIng B-184
DYNAMIC COMPUTER DISPLAYS Dyn B - 1 86
TABULAR COMPUTER DISPLAYS Tab B - 1 87
COMPUJTER TEXT DISPLAYS Text B- 190
LARGE SCREEN DISPLAYS Large B- 191
CXONT•-ES Counter B- 196
PRINTERS Print B- 198
PLOTTERS & RECORDERS Plot Rec B-200
FLAGS Flag B-202
LEDS, DOT MATRIX & SEGMENTED DISPLAYS LED B-203
ELECTROLUMINESCENT DISPLAYS Electro B-205
COMPUTER AUDIO DISPLAYS Audio B-206
INTERACTIVE COMPUTER DISPLAYS Interact B-207
MENU SELECTION COMPUTER DISPLAYS Menu B-208
FORM FILLING COMPUTER DISPLAYS Form B-209

COMPUTER FEEDBACK DISPLAYS Feedback B-211
COMPUTER PROMPPTING DISPLAYS Prompt B-213
COMPUTER ERROR CORRECTION DISPLAYS E r r or B-215
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components CONTROL/DISPLAY INTEGRATION

HF Considerations Functionality

Abbrevlition CD Int

Test Title
Test Project No. Dat*

Detailed Design Considerations YES NO N/A Comment

1. Relationship between the display
and its associated controls are un-
mistakable in terms of:
a) The proper control to use.
b) Direction of movement of the

control.
c) Rate and limits of movement of

the control.
(5.1.1.1)

2. Functionally related units are
grouped together and are similar
from panel to panel. (5.1.2.1)

I IL - a III-

YES = Adequate NO = Inadequate N'A Not Applicable
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15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

[Components CONTROL/DISPLAY INTEGRATTONN

IHF Conslderations Location & Arrangem.nt

[Abbreviation CD Int]

Detailed Design Considerations YES NO N/A Comment

3. A visual display which must be
monitored concurrently while act-
ivating a related control is located
to prevent parallax. (5.1.2.3.3)

4. All displays are arranged in the
sequence in which they are used.
(5.1.2.1.1.1)

5. Controls are located adjacent to
(either under or to the right of)
associated displays. (5.1.1.1)

6. Displays in groups are located from
left-to-right and/or top to-bottom
order of use. (5.1.2.1.1.1)

7. Displays used in system checkout
are located so they can be observed
from one position.

8. Emergency visual displays are
located within a 300 (0.52 rad)
cone about the operator's normal
line of sight. (5.1.2.3.8)

9. If frequent or precision reading is
required, displays are located 50 to
65 in. (127 to 165 cm) above
standing surface. (5.7.2.3)

10. Control & display groups for main-
tenance use only are not located in
prime operating space.
(5.1.2.1.1.2)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components DISPLAYS
HF Consideration& Functionality

Abbreviatlon Function

Detailed Design Considerations YES NO N/A Comment

11. Displays provide updated infor-
mation in a synchronous manner
corresponding to the degree of
timeliness required by personnel
in normal operating modes.
(5.2.1.3.10)

12. Displays which cannot or may not
be watched continuously, but need
continuous monitoring, have a
suitable auditory or visual warning
backup.

13. Information displayed is at a level
of accuracy required for the oper-
ator's action or decision.
(5.2.1.3.1)

14. Display scales are limited to only
that information needed to make a
decision or take action. All needed
information is presented.
(5.2.1.3.1)

15. Multifunction displays providing
integrated information advise or
alert the operalor to critical in-
formation within the display.
(5.2.1.3.11)

16. The iaiformation displayed is clear,
specific, and useable and is not re-
dundant or degraded by vibration.
(5.2.1.4.5)

17. The precision of the display pre-
sentation is consistent with system
precision. (5.2.1 3.2)

YES = Adequate NO : Inadequate N/A : Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S Comnpor -nts _____ DISPLAYS
HF Con..d•.,tlons Functionality (Cont.)

IAbbrevstion Function

Data'lea Design Considerations YES NO N/A Comment

18. Trademarks and company names or
other similar markings not related
to panel function are not displayed
on the panel face. (5.2.1.3.8)

19. Audio signals and visually displayed
information are of sufficient dura-
tion ;, be reliably detected.
(5.2.1.3.9)

20. The display indicator ceases to
move after the control movement
stops. (5.1.3.2)

0

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components DWSPLAYS

HIF Considerations Location & Arrangement

Abbreviation Loc

Detailed Design Considerations YES NO N/ A Comment

21. Display arrangement is consistent
from one situation to another.
(5,2.1.4.10)

22. Displays are located where they can
be read to the required degree of
accuracy. (5.2.1.4.1)

23. Frequedntly used disp-dys are
grouped together and are placed in
the optimal visual zone.
See FIGURES 1 and 2 in
MIL-STD-1 472D.
15.2.1.4.8)

24. Frequently used displays are
grouped together. (5.2.1.4.8)

25. If on separate panels, the positions
o! related controls and displays
correspond and the panels do not
face each other. (5.1.2.3.6)

26. Important or critical displays are
located in a privileged position
within a 300 (0.52 rad) cone about
the operator's normal line of sight
or otherwise highlighted.
(5.2.1.4.9)

27. In sequential displays, the sequence
progresses from left to right.
(5.2.1.4.7)

28. In standing positions, the most
frequently used displays are located
approximately at the eye level of
the operator. (5.7.2.:)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2.610

DESIGN CHECKLIST

* Components DISPLAYS

HF Conslderatlons Location & Arrangement (Cont.)

Abbreviation Loc

Detailed Design Considerations YES NO N/A Comment

29. Information for different types of
activities is not combined unless
the activities require the same in-
formation. (5.2.1.3.5)

30. Information is presented in such
form that no interpretation or de-
coding is necessary. (5.2.1.3.3)

31. Meters, dials, and instruments are
so sized and arranged that they can
be read from the normal operating
position. (5.2.1.4.1)

32. On units without an operational
panel, maintenance displays are
located on one face accessible in
normal installation. (5.2.1.4.1)

33. Trademarks, company names, and
other unnecessary information are
not on the panel face. (5.2.1.3.8)

34. Unusual aids such as ladders, extra
lighting, etc., are not needed to read
or gain access to a display.
(5.2.1.4.2)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components DISPLAYS

HHF Considerations Direction

Abbreviation D.Ir

Detailed Design Considerations YES NO N/A Comment

35. Scale values and their indexes are
consistent in direction of increase
or decrease. (5.2.3.2.1)

36. Rotation of controls is clockwise to
increase the associated indication.
(5.2.3.2.3.2)

37. Display numbers increase from
bottom to top or irom left to right.
(5.2.3.3.1)

0J

YES = Adequate NO : Inadequate N/A z Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Componen~s DISPLAYS
HHF Consideration. Visibility & Identification

Abbreviatioin Vis

Detailed Design Considerations YES NO N/AI Comment

38. A viewing distance of up to 30
inches (760 mm) is used with
ejection seats. (5.2.1.4.11)

39. A seated viewirg distance of up to
25 inches (635 mm) is provided.
(5.2.1.4.11)

40. Adjustable illumination is provided
for displays that must be monitored
under variable lighting conditions.
(5.1.1.5)

41. Color or other coding technique is
used where possible. (5.2.1.5.2)

42. Cover glass on displays does not fog
up.

43. Dials are visible to arctic-clothed
user. (5.6.4)

44. Giare does not interfere with read-
ability of the display at a location.
(5.2.1.4 4)

45. Illumination is unifom.
(5.2.1.2)

46. Integrally illuminated displays are
unifcrmly lighted such that the
ratio o! the standard deviation of
indicator element luminances to
mean indicator luminance is not
more than .25, using eoght cr more
fqually spaced test measurements.
(5.2.1.2.2)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Cornpan ints, DIS3PLAYS

HF Considerations Visibility & Idfntification (Cont.)

Abbreviatlon \ViS

Detailed Design Considerations YtES NO IN /A Comment

47. Most imporiant displays are placed
in the optimum visual zone.
See FIGURES 1 and 2 in
MIL STD.1472D.
(5.2.1.4.9)

48. Panel light levels are continuously
variable from 0.03 ft-L (0.1
cd/sq m) near OFF to 1.0 ft-L (3.5
cd/sq m) at 50% of ciockwise
rotation.
(5.2.1.2.1.3)

49. The display can be read quickly in
the manner desired (quantitative,
qualitative, or check reading).
(5.2.1.3.3)

50. The display face is not less than
A50 (0.8 rad) from the operator's
normal line of sight.
See FIGURE 1 in MIL-STD-1472D.
(5.2.1.4.3)

51. The effective viewing distance to
displays, with the exception of
cathode ray tube displays and col-
limated displays, is not less than-
13 in (330 mm) min.,
20 inches (510 mm) preferred.
(5.2.1.4.12)

52. The viewing distance from the eye
reference point of the sealed oper-
ator to displays located clos, to
their associated controis does not
exceed 25 in (635 ,im).
(5.2.1.4.11)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Compon.onta DISPLAYS

HF Considerations Visibility & Identtflcatlon (Cont.)

Abbrevitlon i.-, Vis

Detailed Design Considerations YES NO N/A Comment

v3. When .omplete dark adaptation is
requi"'ed, low luminance 10.02 -

0.10 f1-L (0.07 - 0.35 cd/sq m))
red tight (greater than 620 nm) is
pre•vided. (5.2.1.2.1.1)

54. When control or annunciator
panels will be viewed by personnel
out of doors at night, maximum
panel illumination is provided
when a dimming rotary control is
at its exireme cloc;kwise rotation.
(5.2.1.2.1.3)

E5. When maxmnum dark adaptation is
not required, bow brightness white
light is used. (5.2.1.2.1.1)

56. Multiple dispiays grouped together
will have brightness uniformity
across the range of lull ON to full
OFF. (5.2.1.2)

57. Where multiple displays are
grouped together, lighting is bal-
anced across the instrument panel
such that the mean indicator lum-
inances of any two instruments do
not diffe=' by more than 33%
across the range of full ON to full
OFF. (5.2. .2.2)

58. Where night vision device com-
patibility is reqriired, display il-
lumination color other than red is
used. (5.2.1.2.1.2)

YES a Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOF 1-2-610
DESIGN CHECKLIST0 _c _, _. _. _ _-._____ _.

Components DISPLAYS
iHF ConsIderastIas Visibility & |dentlifcatlcn (Cont.)

Abbrevistion vh.

Detailed Design Considerations YES NO N/A Comment

59. Where night vision device com-
patibility is required, lighting is
continuously variable to the full
OFF position. In the OFF position,
no current flows through the
lamps. (5.2.1.2.1.2)

0

YES = Ad~quate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* Co on.nts DISPLAYS

JNF C nalderstlons Us* Conditions, Safety

lAbbrevi.tlan - _ _.........Use

- -i

Detailed Design Considerations YES NO N/A Comment

60. Mechanical overlays, such as cov-
erings over keyboards or trans-
parent sheets placed on displays,
are not used. (5.15.10.1)

61. Failure in the unit is clearly shown
or the operator is otherwise warr,-
ed. (5.2.1.3.6)

62. Failure of a display circuit is im-
mediaely apparent.
(5.2.1.3.6)

63. Failure of the display circuit does
not affect display equipment.
(5 2.1.3.7)

! -

YEc 'U0Ise1 I0rad:qiiai N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S IComponents TRANSILLUMINATED DISPLAYS

HF Considerations Functionality

Abbreviation Trans

Detailed Design Conside'ations YES NO N/A Comment

64. Dimming capability to full OFF is
provided only for lighted indicators
providing non-critical operational
information. (5.2.2.).10)

65. Flashing lights are used only to call
the operator's attention to a condl-
ticn requiring action.
(5.2.2.1.19)

66. Indicator lights are capable of
providing flashing red for erner-
gency or malfunction conditions.
(5,2.2.1.9)

67. Indicator lights only show infor-
mation needed for effective system
operation. (5.2.2.1.3)

68. A signal absence denotes only a
"power off" condition and does not
denote "go ahead", "ready," etc.
(5.2.2.1.4)

69. Indicator lights show equipment
response, not merely control posi-
tion and are used sparingly.
(5.2.2.1.2)

70. Legend lights are used in pre-
ference to simple indicator lights.
(5.2.2.2.1)

71. Lighted indicators display qualita-
tive information to the operator
concerning system status or re-
quired immediate actions.
(5.2.2.1.1)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

0 Components TRANSILY"MINATED DISPLAYS

HF Consldorations Fu.ntionality (Cont.)

IAbbrevlatIon Trans

Detalied Design Considerations YES NO N/A Comment

72. Luminance controls for lighted
indicators are capable of mak;ng
multiple step or continuously var-
iable illumination adjustments.
(5.2.2.1.10)

73. Transilluminated (integrally
lighted) panel assemblies are used
to:
a) Provide illuminated labels for a

control panel.
b) Provide a light source for

transilluminated knobs and/or
association markings on a con-
trol panel.

c) Create a pictorialized repre-
sentation of a system process,

(5.2.2.4.1)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST
IComponanta TRANSILLUMINATED DISPLAYS

HF Conslderatlons Functionality (Cont.)

A bb ro vat loi Tia,
l ---

Datalled Design Considerations YES NO N/A Comment

74. With the exception of aircrew
station signals (MIL-STD-411)
and training equipment (MIL-T-
23991) transilluminated, LED and
incandescent displays conform to
the following color code:

a) Flashing red denotes only
emergency conditions which
require operator action without
undue delay to avert personnel
injury and/or equipment darn-
age.

b) Red alerts an operator that a
system or any of its parts is
inoperative or that a successful
mission is not possible unless
corrective action is taken.

c) Yellow advises an operator of a
marginal condition or alerts
him to situations of caution,
recheck or unexpected delay.

d) Green indicates that monitored
equipment is in tolerance or
that a state of readiness exists.

e) White shows system conditions
that do not have "right" or
"wrong" implications suui as
alternating functions, except
that white is not used in
aircraft flight stations.

f) Blue is used for advisory lights;
only, except that blue is not
used in aircraft flight stations.

(5.2.2.1.18)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

,Components TRANSILLUMINATED DISPLAYS
HF Considerations Location & Arrangement, Size & Shape

"Abbreviation Trans

Detailed Design Considerations YES NO N/A Comment

75. Indicator lights are immediately
and unavoidably associated with the
proper control. (5.2.2.1.6)

76. On units with operator displays,
maintenance displays are located
behind access doors on the operator
panel. (5.2.2.1.8)

77. Viewing distance from the eye to
the displays located close to con-
trois is:
'13 in. (330 mm) min.,
25 in. (635 rnm) max.
(5.2.4.11, 5.2.4.12)

78. Legend lights signifying danger are
larger than other legend lights.
(5.2.2.2,2)

YES = Adequate NO inadequate N/A Not Applicable

8_171



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components TRANSILLUMINATED DISPLAYSS

IHF Considerations Visibility & Identification

AAbbrevlation Trans

Detailed Design Considerations YES NO N/A Comment

79. In alternately-presented legends
only one legend is clearly visiblo at
a time. (5.2.2.2.6)

80. In, stac,,ked legends:
a) Front legends do not obscure

rear legends.
b) Par.fl'ax is minimized.
c) Front ina rear legends ara

equal in brightness and contrast
with bpckground.

(52.2.2.6)

81. Indicators are nol exposed to direct
or reflected light. (5.2.2.1.11)

82. Lighted indicators used solely for
maintenance and adjustment are not
visible during normal operation
but are readily accessible when
required. (5.2.2.1.8)

83. Luminance contrast within the
indicator is at least 0.1.
(5.2.2.1.12)

84. The luminance of transilluminated
displays is at least 10% greater
than the surrounding luminance.
(5.2.2.1.9)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components TRAýSILLUMINATED DISPLAYSIHF Conslder'stlono UJse Condiin

Abbreviation Trans

Detailed Design Considerations YES NO N/Al Comment

85. Changes in display status represent
the functional state of the system
rather than tho results of control
activation alone. (5.2.2.1.4)

86. Flashing lights have a flash rate of
3 to 5 flashes per second; in case of
flasher failure, the light illumi-
nates and burns steadily.
(5.2.2.1.19)

87. Lighted indicators incorporate fil-
ament redundancy or dual lamps.
(5.2.2.1.13)

88. Simultaneously active flashing
lights have synchronized flashes.
(5.2.2.1.19)

89. Where glare must be rediccj, the
luminance of transillumioiated dis-
plays does not exceed 300% of the
surrounding !urminance
(5.2.2.1.9)

90. I,,dicators used at night can be
dimmed [0.02 'o 1.0 tt-L (007 to
3.5 cd/sq m)]. (5.2.2.1.10)

YES = Adequate NO Inadequate N/A : Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

OComponents SCALE INDICATORS

IHF Considerations Functionality, Location & Arrangement

Abbreviation Scale

Detailed Design Considerations YES NO N/A Comment

91. The same numerical progression is
used on all scales of combined dis-
plays. (5.2.3.2.1)

92. Pointer tip is tapered at a 200
angle (400 included angle).
(5.2.3.1.7.2)

93. Scale pointers are tapered at the
end terminating in a flat tip equal
in width to the minor scale grad-
uation. (5.2.3.1.7.2)

94, There is an obvious break of at
least 100 (1 75 mrad) of arc
between the two ends of the scale,
except on multirevolution instru-
ments such as clocks,
(5.2.3.2.3.3)

" - - I l - IIII I

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components SCALE INDICATORS

HF Considerations Direction

Abbreviation Scale

Detailed Design Considerations YES NO N/A Comment

95. For circular scales, alignment of
pointer or fixed reference line is
in the 12 o'clock position for
right-left directional information
and in the 9 o'clock position for
up-down information.
(5.2.3.2.3.5)

96. For circular scales, alignment of
pointer or fixed reference line is
in the 12 o'clock position for
right-left directional information
and in the 9 o'clock position for
up-down information. (5.2.3.3.3)

97. For indicating a stable value,
groups of indicators are arranged
either in rows so all pointers line
up horizontally or in columns so
all pointers line up vertically.
(5.2.3.2.4.5)

98. If positive and negative values are
displayed around a zero for all
moving pointer displays but cir-
cular, magnitude of positive values
increases with up or to the right
movement of the pointer or mag-
nitude of negative values increases
with pointer movement down or to
the left. (5.2.3.2.4.2)

99. On fixed-pointer or moving scale
indicators, numbers progress in
magnitude in clockwise direction
around the faces of circular dials.
(5.2.3.3.1)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components SCALE INDICATORS
HF Considerations Direction (Cont.)

Abbreviation Scale

im- -

Detailed Design Considerations YES NO N / A Comment

100. On vertical or horizontal straight
moving scales, numbers increase
from bottom to top or from left to
right. (5.2.3.3.1)

101. The magnitude of positive values
increases with a clockwise move-
ment of a circular meter pointer;
magnitude of negative values in-
creases with a counterclockwise
movement. (5.2.3.2.3.2)

102. The magnitude of scale reading in-
creases with clockwise movement
of the pointer. (5.2.3.2.3.1)

103. The magnitude of the scale reading
increases with movement of the
pointer up or to the right.
(5.2.3.2.4 1)

YES = Adequate NO z Inadequate N/A Not Applicable
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1 May 1990 TOP 1-2.61

DESIGN CHECKLIST

IComponents SCALiE •NDICATORS

IHF Conslderations Visibility & Weei~ficatlon
IAbbreviation Scale

Detailed Design Considerations YES NO N/A Comment

1 04•. Luminanc.e contrast of at least 3.0
is provided between the scale face
and the markings and pointer.
(5.2.3.1.3)

105. Pointer tail is the same color as the
dial face, unless the tail is used as
an indicator or the pointer is used
for horizontal alignment.
(5.2.3.1.7.4)

106. Pointers are located to the right of
vertical scales and at the bottom of
horizontal scales. (5.2.3.2.4.3)

107. The display pointer extends to, but
does not obscure, the index mark
width. (5.2.3.1.7.1)

108. The display pointer is mounted as
close as possible to the dial face to
eliminate parallax and shadows.
(5.2.3.1.7.3)

109. The tip to the center of tne dial part
of a pointer is the same color as the
marks. (5.2.3.1.7.4)

110. There is a high degree of contrast
between the scale face and mark-
ings. (5.2.3.1.8)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May l9o0 TOP 1-2-610

DESIGN CHECKLIST

Components CERAY TUBE DISPLAYS

HHF Considorations Functionall!y, Location & Arrangement, Size & Shape

Abbrevlation CRT'

Detailed Design Considerations YES NO N/A Comment

11 1. Contro: is provided to vary the CRT
luminance from 10% of minimum
ambient luminance to full CRT
luminance. (5.2.4.3)

112. Control is provided to vary the
luminous symbol/dark background
or dark symbo/luminous back.
ground contrast ratio. (5.2.4.3)

11 3. Audio signals are not of an intensity
or quality to create a disturbance.
(5.3.4.2.1)

114. A 16 in (400 mm) viewing dis-
tance is provided for CRTs.
(5.2.4.2)

11 5. When periods of scope observation
are short, or when dim signals
must be detected, minimum CRT
viewing distance is 10 in (250
mm). (5.2.4.2)

11 6. The l3rget signal on a CRT does not
subtend less than 20 mifiutes (6
mrad) of visual angle or !ess that'
10 lines or resolution e;ements.
(5.2.4.1)

1s n - 1. 1- nm

YES = Adequate NO = Inadequate N/A Not ApplIcable
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15 May 129C TOP 1-2.610

DESIGN CHECKLIST

* Components CA'THODE RAY TUBEDISPLAYSJ
HIF Consolcioratlcons Visiblilty & Identification
A b brevi at ion CRTJ

Detailed Design Considerations YES NO tAA Commen~t

117. If faini signal deiection is required
and ambient illumination is above
C,25 fl-c (2.7 lux), the CRT is
hooded, shielded, or recessed.
(5.2.4.4)

118. The ambient illuminance does not
contribute more than 25% of
scieen brightness through diffuse
reflection and CRT phosphor exci-
tation. (5,2.4.3)

YES =Adequate NO Inadequate N/A Net Applicaeble
* ~B-i179



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components COMPUTER DISPLAY FORMATS

HF Consideratlons Functionality, Location & Arrangement

Abbreviation Format

Detailed Design Considerations YES NO N/A Comment

119. Essential data, text, and formats
are under computer, not user, con-
trol. (5.15.3.1.1)

120. Only data essential to the user's
needs is displayed. (5.15.3.1.2)

121. D3ta fields to be compared on a
character-by-character basis are
positioned one above the other.
(5.15.3.1.8)

122. When data fields have naturally
occurring order (e.g., chronologi-
cal), such order is reflected in the
fcrmat organization of the fields.
(5.15.3.1.4)

'123. When five or more alphanumeric
characters without natural organi-
zation are displayed:
a) The characters are grouped in

blocks of three to five charac-
ters within each group.

b ) Separated by a minimum of one
blank space or other separating
character such as hyphen or
slash.

(5.15.3.1.7)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components COMPUTER DISPLAY FORMATS

HF Considerations Visibility & Identification

Abb reviat Ion Format]

Detailed Design Considerations YES NO N/A Comment

124. Data entry formats match the
source document formats.
(5.15.3.1.1)

125. Data presented to the user is in a
readily usable and readable form.
(5.15.3.1.3)

126. Display formats are consistent
within a system. (5.15.3.1.1)

127. Each display is labeled with a title
or label that is unique within the
system. (5.15.3.1.9)

128. Each individual data group or
message contains a descriptive
title, phrase, word, or similar de-
vice to designate the content of the
group or message. (5.15.3.1.10)

129. Each page of a multiple page display
is labeled to identify the currently
displayed page and the total number
of pages, e.g., Page 2 of 5.
(5.15.3.1.12)

130. Every display frame has a unique
identification. (5.15.3.1.13)

131. Every field or column heading in a
display is labeled. (5.15.3.1.9)

132. Items continued on the next page
(scrolled) are numbered relative
to the last item on the previous
page. (5.15.3.1.11)

YES -- Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Icomponents COMPUTER DISPLAY FORMATS
HF Considerations Visibility & Identification (Cont.)

IAbbreviation Format

Detailed Design Considerations YES NO N/A Comment

133. Recurring data fields within a sys-
tem have:
a) Consistent names.
b) Consistent relative position

within displays.
(5.15.3.1.6)

134. Separation of groups of information
is accomplished by blanks, spacing,
lines, color coding, or other means.
(5.15.3.1.5)

135. The frame identification is an
alphanumeric code or an abbrev-
iation which is prominently dis-
played in a consistent location.
(5.15.3.1.13)

136. The frame identification is short
enough (3-7 characters) and/or
meaningful enough to be learned
and remembered easily.
(5.15.3.1.13)

137. When appropriate for users, the
same format is used for input and
output. (5.15 3.1.1)

YES = Adequate NO = Inadequate N/A Not Applicable
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DESIGN CHECKLIST

Components COMPUTER DISPLAY CONTENT

HF Conolderations Functionality, Visibility & Identification

Abbreviation Content

Detailed Design Considerations YES NO N/A Comment

138. Definitions of all abbreviations,
mnemonics, and codes are provided
at the user's request.
(5.15.3.2.3)

139. Information is displayed in plaii
concise text. (5.15.3.2.3)

140. The content of displays within a
system is presented in a consistent,
standardized manner.
(5.15.3.2.1)

141. A minimum of one character space
is left blank vertically above and
below c,'itical information with a
minimum of two character spaces
left blank horizontally before and
after. (5.15.3.2.2)

142. Abbreviations and acronyms con-
form to MIL-STD-12, MIL STD-
411, or MIL-STD-783.
(5.15.3.2.3)

143. Abbreviations do not contain punc-
tuation. (5.15.3.2.3)

144. Information density is held to a
minimum in displays used for
critical task sequences.
(5.15.3.2.2)

145. Wcrds have only one consistent ab-
breviation. (5.15.3.2.3)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Componont. COMPUTER DISPLAY CODING

HF Consideration. Functionality, Size & Shape

Abbrevistion Coding

Detalead Design Considerations YES NO N/A Comment

146. Brightness intensity coding is em-
ployed only to differentiate between
an item of information and adjacent
information. (5.15.3.3.3)

147. Coding is employed to:
a) Differentiate between items of

information.
b) Call the user's attention to

changes in the state of the
system.

(5.15.3.3.1)

148. Consistent, meaningful codes are
used. (5.15.3.3.1)

149. Information is not coded solely by
color if the data must be accessed
from monochromatic as well as
color terminals or printed in
hardcopy versions. (5.15.3.3.7)

150. Symbols are analogs of the event or
system element they represent or
are in general use and well known
to the users. (5.15.3.3.6)

151. Where size difference between
symbols is employed, the major
dimensions of the larger are at
least 150 percent of the major
dimension of the smaller with a
maximum of three size levels
permitted. (5.15.3.3.6)

YES = Adequate NO = Inadequate N/A Not Applicable
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DESIGN CHECKLIST

*-Components COMPUTER DISPLAY CODING

HF Consideration. Visibility & Identification

Abbreviation Coding

Detailed Design Considerations YES NO N/A Comment

152. Coding does not reduce legibility or
increase transmission time.
(5.15.3.3.1)

153. Each brightness level is separated
from the nearest by at least a 2:1
ratio. (5.15.3.3.3)

154. Flash coding is employed to call the
user's attention to mission critical
events only. (5.15.3.3.2)

155. No more than two flash rates are
used. (5.15.3.3.2)

156. No more than three levels of
brightness are used. (5.15.3.3.3)

0 157. The colors selected do not conflict
with the color association specified
in TABLE II in MIL-STD-1472D.
(5.15.3.3.7)

158. Where one rate is used, the rate is
between 3 and 5 flashes per second.
(5.15.3.3.2)

159. Where two rates are used in flash
coding, the second rate is less than
2 per second. (5.15.3.3.2)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Component - DYNAMIC COMPUTER DISPLAYS

HF Considerations Functionality, VisIbIlity & Identification

AAbbrevlmtlon Dyn

Detailed Design Considerations YES NO N/A Comment

160. A display freeze mode is provided.
(5.15,3.4,,3)

161. For frozen display frames, an op-
tion is provided to allow resump-
tion at the point of stoppage or at
the current real-time point.
(5.15.3.4.3)

162, The rate of update is controllable
by the user. (5.15.3.4.2)

163. An appropriate label is provided to
remind the operator when the
display is in the freeze mode.
(5.15.3.4.4)

* 164. Changing alphanumeric values
which the operator must reliably
read are not updated more often
than once per second.
(5.15.3.4.1)

165. Changing values which the viewer
uses to identify rate of change or to
read gross values are not updated
faster than 5 times per second nor
slower than 2 per second when the
display is to be considered as real
time. (5.15.3.4.1)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components TABULAR DATA COMPUTER DISPLAYS

HF Considerations Functionality, Location & Arrangement

,Abbreviation Tab

Detailed Design Considerations YES NO N/A Comment

166. Tabular data displays are used to
present row-column data.
(5.15.3.5.1)

167. Alphanumeric data is left justified.
(5.15.3.5.3)

168. Location of recurring data is sim-
ilar among all tabular data dis-
played and common throughout the
system. (5.15.3.5.2)

169. Tabular data is displayed in a left-
to-right, top-to-bottom array.
(5.15.3.5.3)

170. Tabular displays do not extend over
more than one page horizontally.
(5.15.3.5.5)

YES = Adequate NO inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610
DESIGN CHECKLIST

Componer.ts TABULAR DATA COMPUTER DISPLAYS

HF Conelderatlons Visibility & Identification

Abbreviation Tab

Detailed Design Considerations YES NO N/A Comment

171. Conventional punctuation schemes
are used if in common usage.
Where none exist a space is used
after every third or fourth digit.
(5.15.3.5.7)

172. Each item in a !ist starts on a new
line. (5.15.3.5.6.1)

173. Items in lists are arranged in a
recognizable order, such as chron-
ological, alphabetical, sequential,
functional, or order of importance.
(5.15.3.5.6)

174, Leading zeros are not used in nu-
merical data except where needed
for clarity. (5.15.3.5.7)

175, Long numeric fields are punctuated
with spaces, commas, or slashes.
(5.15.3.5.7)

176. Numeric data is right justified
with decimal points, if any, aligned
vertically. (5.15.3.5.10)

177. Strings of alphanumerics are
grouped inmo sets of three to five
characters or grouped at natural
breaks. (5.15.3.5.8)

178. When a code consists of both letters
and digits, common character types
are grouped by common character
type for ease of location.
(5.15.3.5.8)

YES = Adequate NO Inadequate N/A Not Applicable
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DESIGN CHECKLIST

Components TABULAR DATA COMPUTER DISPLAYS

HF Conuideratlons Visibility & Identification (Cont.)

Abbreviation Tab

Detailed Design Considerations YES NO N/A Comment

179. When tabular data are divided into
classifications:
a, Tne classification titles are

displayed.
b) Subclassifications are identi-

fied.
(5.15.3.5.4)

180. When tabular data extend over
more than one page vertically, the
columns are titled identically on
each page. (5.15.3.5.4)

181. When trend lines are to be com-
pared, multiple lines are drawn on
a single graph. (5.15.3.6.5)

182. Where lists extend over more than
one display page, the last line of
one page is the first line of the
succeeding page. (5.15.3.5.6.2)

YES = Adequate NO = Inadequate N/A = Not Applicable
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DESIGN CHECKLIST

Componsints COMPUTER TEXT DISPLAYS
HF Conalderatlons Functionality, Visibility & Identification

-Abbreviation Text

Detailed Design Considerations YES NO N/A Comment

1 83. Display mode rather than line mode
is used for text editing.
(5.15.3.7.2)

184. Text is displayed in normal upper/
lower case front. (5.15.3.7.5)

185. Textual data formals conform to the
practices established fur the par-
ticular type of textual data dis-
played (e.g., the form3t for display
of specifications conforms to MIL-
STD-490).
(5.15.3.7.2)

186. Paragraphs are numbered.

187. Progr3m lines reflect a numbering
scheme for ease in editing and er-
ror correction. (5.15.3.7.4.2)

188. Text paragraphs are separated by
at least one blank line.
(5.15.3.5.14)

YES = Adequate NO Inadequate N/A = Not Applicable
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DESIGN CHECKLIST

Components LARGE SCREEN DISPLAYS
_HF Considerations Functionality

Abbreviation Large

Detailed Design Considerationis YES NO N/A Comment

189. A separate remote display is pro-
vided for operators who wish to
make changes and receive infor-
mation not of interest to the group.
(5.2.5.5)

190. Information presented on large
screen group display systems is
meaningful to trained observers
without requiring reference to
display control settings. (5.2.5.G)

191. Large-screen displays are avoided
when space and environmental
conditions do not allow all critical
operators to have visual access to
the display in terms of viewing
distance, angle, and lack of inter-
vening objects, personnel, or am-
bient lighting. (5.2.5.2)

192. Large-screen displays are used
when one or more of the following
conditions are true:

a) A team of operators are sharing
the same information.

b) Team members must move
about and still refer to
information.

c) Where it is not possible to
provide each individual with
commonly used information.

d) To prevent disturbances
resulting from looking over the
shoulder(s) of individual
operator(s) to see their
individual displays.

(5.2.5.1)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2.610

DESIGN CHECKLIST

nomponenta LARGE SCREEN DISPLAYS

HIF Canalderatlons ________ Functionality (Cont.)

Abbreviation Uarge

Detailed Design Considerations YES NO N/A Comment

193. Projection display rates for group
viowing conform ýo the limits of
TABLE IV in MIL-STD-1472D.
(5.2.6.6.2/3).

194. Rear projection for large screen
optical projection displays is used
where physicpl obstructions to
front projection prevent proper
visibili!y or when work areas
require high ambient illumination.
(5.2.6.6.1)

0

YES = Adequate NO = Inadequate N/A Not Applicable
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DESIGN CHECKLIST

-Components LARGE SCREEN DISPLAYS

HF Considerations Location & Ariangement, Size & Shape

Abbreviation Large

Detailed Design Considerations YES NO N/A Comment

195. L3rge-screen displays are not
closer to any observer than 1/2
the display width or height,
whichever is greater. (5.2.5.3)

196. Projector/screen arrangemerts
which result in dimtortion of pro-
jeceed data are aevoided.
(5.2.6.6.5)

197. Stroke width is 1/6 to 1/F of
numeral or letter height, but is
narrower for light markings on a
dark background. (5.2.6.6.4.1)

198, Stroke width is the same fcr all
letterc and numerals of 9qual
height. (5.2.6.6.4.1)

199. The height of letters and rnu.merals
is not less than 15 mi:i.?3s (4.5
mrad) of visual angle and in no
instance is Ipss than 10 minutes (3
mrad). (5.2.6.6.4.2)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESiGN CHECKLIST

Components LARIGE SCREEN DISPLAYS
NF Coneideratlons Visibility & Identification

Abbreviation Large,

Detalled Design Considerations YES NO N/A Comment

200. A simple style of numerals and let-
ters is used. (5.2.6.6.4.1)

201. Capital letters are used, rather
than lower case, except for extend-
ed copy or lengthy messages.
(5.2.6.6.4.1)

202. Colored markings on contrasting
colored backgrounds of 'ornparable
brightness are avoided.
(5.2.6.6.4.3.2)

203. Contrast for optically projected
displays is light on dark back-
ground or vice-versa, except
where superposition is used.
(5.2.6.6.4.3.2)

204, For additive superposition (at the
screen), contrast is light on opaque
background. (5.2.6.6.4.3.2)

205. For culor photographs or black
and-white pho!ographs with grays,
the minimum luminance ratio is
100:1. (5.2.6.6.4.3.1)

206. For projections limited in shadows
and detail, the minimum luminance
ratio is 25:1. (5.2.6.6.4.3.1)

207. For subtractive superposition (at
the source), con!rast is dark on
transparent background.
(5.2.6.6.4.3.2)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

0 C'rmnpnonan's LARGE SCREEN DISPLAYS

HF Considerations Visibility & Identification (Cont.)

Abbreviation Large

Detal1ed Design Considerations YES NO N/A Comment

208. Large-screen displays are located
so that the view of the display to
critical observers is not obscured
routinely by normal traffic pat-
terns. (5.2.5.4)

209. The luminance ratio for optically
projected displays under optimal
ambient lighting is 500:1.
(5.2.6-6.4.3.1)

210. The minimum luminance ratio for
viewing charts, printed text, and
other linework via slides or opaque
projectors is 5:1. (5.2.6.6.4.3.1)

0

YES = Adequate NO : Inadequate N/A : Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST
-- e Component. COUNTERSI

HF Considerstions Functionality, Size & Shape, Direction & Force

Abbreviatlon Counter

Detailed Design Considerations YES NO N/A Comment

211. Counters are used for presenting
quantitative data when continuous
trend information is not required.
(5.2.6.2.1)

212. Counters and flags are mounted
close to the panel surface.
(5.2.6.2.2)

213. Horizontal separation between
numerals is between one-quarter
and one-half the numeral width.
(5.2.6.2.3)

214. Movement relationships:
a) Numbers change by snap action

in preference to continuous
movement.

b) Numbers follow each other not
faster than 2 per second when
the observer is expected to read
the numbers consecutively.

c) The rotation of the counter
reset knob is clockwise to
increase the counter indication
or to reset the counter.

d) Counters used to indicate the
sequencing of equipment is
reset automatically upon
completion of the sequence and
provision is made for manual
resetting.

(5.2.6.2.4)

215. Where pushbuttons are used to
manually reset mechanical coun-
tars, actuating force required does
not exceed 60 oz (16.7 N).
(5.2.6.2.4)

YES = Adequate NO : Inadequate N/A Not Applicable
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15 May 1990 TOP 1,2-610

DESIGN CHECKLIST

9Components COUNTERS
HF Coneldoretions Visibility & identification

Abbrevlation Counter

Detailed Design Considerations YES NO N/AA Comment

216. Commas are not used. (5.2.6.2.3)

217. Counters are horizontally posi-
tioned.

218. Counters are self-illuminated
when used in areas in which am-
bient illumination will provide
display luminance below 1 ft-L
(3.5 cd/sq m). (5.2.6.2.5)

0

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1.2-610

DESIGN CHECKLISTL Compononts PRINTERS

HIF Considerations Functionality

Abbreviation P r In t

Detailed Design Considerations YES NO N/A Comment

219. A take-up device for printed mate-
rial is provided. (5.2.6,3.5)

22U. The user can obtain a paper copy of
the exact contents of computer dis-
plays in systems where:
a) Mass storage is restricted.
b ) Mass siored data can be ;ost by

power interruption.
c) Record keeping is required.
(5.15.10.2)

221. Information is not coded solely by
color if the data must be accessed
trom monochromatic as well as
color terminals or printed in
hardcopy versions. (5.15.3.3.7)

222. Material in printer is easily
changed and indicates remaining
SUpply of printing materials.
(5.2.6.4.8)

YES = Adequate NO Inadequate NIA = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

"Components PRINTERS

HF Considerations Visibilility & Identification

Abbreviation P r I n t

Detailed Design Considerations YES NO N/A Comment

223. If ambient illumination is inad-
equate, printed matter is illum-
inated by the printer. (5.2.6.3,4)

224. Printed matter is readily visible.
(5.2.6.4.2)

225. Printed matter provides a min-
imum of 3.0 luminance contrast.
(5.2.6.3.3)

226. Printed output is free from
character and line misregis-
,rations, character tilt, and char-
acter smear. (5.2.6.3.7)

227. Printed tape is printed so that it is
directly readable as it is received
without requiring the cutting and
pasting of tape sections.
(5.2.6.3.8)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components PLOTTERS AND RECORDERS

HIP Considerations Functionality, Visibility & Identification

Abbreviation Plot Rec

Detailed Design Considerations YES NO N/A Comment

228. Plotters and recorders are used
when a continuous visual record of
graphic data is necessary.
(5.2.6.4.1)

229. Material in printer is easily
changed and indicates remaining
supply of printing materials.
(5.2.6.4.8)

230. Plotters and recorders provide
positive feedback concerning the
need for consumable replenish-
ment. (5.2.6.4.8)

231. A minimum of 1.0 luminance con-
trast is provided between the
plotted function and the background
on which it is drawn. (5.2.6.4.3)

232. Plotters and recorders prevent pen
assembly, arm, and other hardware
elements from obscuring critical
graphics while recording.
(5.2.6.4.2)

YES = Adequate NO : Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components PLOTTERS AND RECORDERS

IHF Considerations Operating Procedures

Abbreviation Plot Rec

Detailed Design Considerations YES NO N/A Comment

233. Graphic overlays do not obscure or
distort the data. (5.2.6.4.5)

234. Job aids (graphic overlays) are
provided when a plotter operator is
required to interpret graphic data.
(5.2.6.4.5)

235. Operational procedures, adjust-
ments, and consumable replenish-
ment for plotters, recorders are
accomplished without requiring
disassembly, special equipment, or
tools. (5.2.6.4.8)

236. Plotters and recorders are designed
* to allow operators to mark the

paper while it is still in the
plotter/recorder. (5.2.6.4.7)

237. Plotters and recorders conform to
the criteria regarding controls,
displays, and operational com-
ponents for machine operation and
minor on-site maintenance.
(5.2.6.4.8)

YES Adequate NO Inadequate N/A = Not Applicable
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DESIGN CHECKLIST

Components FLAGS]

HF Considerations Functionality, Visibility & IdentificationJ

.Abbreviation Flag

Detailed Design Considerations YES NO N/A Comment

238. Flags are used to display qualita-
tive, non-emergency conditions.
(5.2.6.5.1)

239. Indicator display malfunction is not
indicated by positioning flags so as
to obscure part of the operator's
view of the malfunctioning display.
(5.2.6.5.5)

240. Flags are readily apparent under
all levels of illumination.
(5.2.6.5.5)

241. When flag legends are used,
lettering appears upright when the
flag assumes the "no go" position.
(5.2.6.5.6)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* Co.mponents LEDS, DOT MATRIX & SEGMENTED DISPLAYS

HF Considerations Functionality, Size & Shape

Abbreviation LED

Detailed Design Considerations YES NO N/A Comment

242. Dot matrix and segmented displays
are used for interactive computer
systems, instruments, avionics,
navigation, and communications
equipment where alphanumeric,
vector-graphic, symbolic, or real
time information is required.
(5.2.6.8.2)

243. Del matrix and segmented display
alphanumeric and symbolic char-
acters do not subtend less than 16
minutes (4.7 mrad) of visual
angle. (5.2.6.8.4)

244. Dot matrix displays are a minimum
of 5 x 7 dots, with 7 x 9 dots
preferred. (5.2.6.8.3)

245. FoT applications requiring the
presentation of alphanumeric,
vector-graphic, symbolic or real-
time information, dot matrix, 14-
segment and 16-segment displays
are used. (5.2.6.8.2)

246. If the system requires symbol
rotation, minimum specifications
are 8 x 11 dots, with 15 x 21 dots
preferred. (5.2.6.8.3)

247. Seven segment displays are used
only when presenting exclusively
numeric information. (5.2.6.8.2)

Y ES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components LEDS, DOT MATRIX & SEGMENTED DISPLAYS

HF Considerations Visibility & Identification

AAbbrevlatlon LED

Detailed Design Considerations YES NO N/A Comment

248. Blue emitters are not used.
(5.2.6.8.7)

249. Dimming is compatible with that of
incandescent displays. (5.2.6.7.3)

250. Dot matrix, segmented, and elec-
troluminescent displays use upper
case alphanumeric characters.
(5.2.6.8.5)

251. Emitter colors for monochromatic
displays use the following colors in
order cf preference: green (555
nrn), yellow (575 nm), orange
(585 nm), and red (660 nm).
(5.2.6.8.7)

252. LEDs are red only and not near red
warning lights. (5.2.6.7.4)

253. Optimum viewing angles for dot
matrix and segmented displays are
perpendicular to the display and
not presented at an angle greater
than 350 (0.61 rad) off axis.
(5.2.6.8.6)

254. Red LEDs/segmented displays are
not grouped with or located ad-
jacent to red warning lights.
(5.2.6.8.10)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Compononts ____________ELECTROLUMINESCENT DISPLAYS

HF Con siderations£___________ ____ Functionality, Size & Shape

Abbrevlatlon Electro

Detailed Design Considerations YES NO N A Comment

255. Electrolurninescent displays are
used in conditions requiring the use
oi integrally lighted displays.
(5.2.6.9.1)

236. Electroluminescent displays are
used when display reliability is
critical. (5.2.6.9.1)

257. Supplemental viewing system is
provided for remote handling situ-
ations. (5.10.4.4)

258. Alphanumeric characters for flight
displays using dot matrix, seg-
mented, or electroluminescent dis-
plays do not subtend less than 24
minutes (7 mrad) of visual angle.
(5.2.6.9.2)

259. Electroluminescent display alpha-
numeric and symbolic characters
do not subtend less than 15 minutes
(4.4 mrad) of visual angle.
(5.2.6.9.2)

YES = Adequate NO Inadequte N/A = Not Applicable

0 B-205



15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

Components COMPUTER AUDIO DISPLAYSLHF Conslc~ratlons ________________Functionality

Ab b revi at lor Audio

Detailed Design Conslderation3 YES NO N/A Comment

260. Audio signals used in conjunction
with visual displays are:
a) Supplementary to the visual

signals.
b ) Used to alert and direcl the

user's atention to the
appropriate visual disp;ay.

(5.15.3.8.3)

261. The intensity, duration, and source
location of the signal is compatible
with the acoustical environment of
the intended receiver as weil as the
requirements of other personnel in
the signal area. (5.3,.2.1)

262. Signals are inlermittent.
(5.15.2.8.4)

263. Signals are automatically termin-
ated by operator response action or
by manual controi. (5.15.3.8.4)

264, Frequency of audio signals con-
forms to 5.3.3.1.1 of MIL-STD-
1472D. (5.15.3.e.5)

265. Audio design criteria follow 5.3.1,
5.3,2.1, and 5.3.2.3 of MIL-STD-
1472D (5.15.3.5.6)

YES = Adequate NO Inadequate N/A Not Applicable
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DESIGN CHECKLIST

'C om-Po n0n ts ________ INTERACTIVE COMPUTER DISPLAYS

"V ________. .._, ___ __LJ_....

HF Consld~ratians ______ Functionality, Visibility__& IdentificationI
Abb rav ci Ion Interact

Di'.ailed Oezign Considerations YE- OI/ Comment

266. An acknowledgement message is
employed only in those cases where
the more convertional mechanism
is not appropriate or where
feedback response time must exceed
one second. (5,15,4.1.13)

267. Except for broadcast communi-
cation systems, the transmitter of
each message in inter-user com-
munications is identified.
(5.15.4.1.16)

268, When numeric data is displayed or
required for control input, such
data is in the decimal, rather than
binary, octal, hexa-decimal, or
other number system.(5.15.4.1.10)

269. Informa tion necessary to select cr
enter a specific control action is
available to ft . ,;:er -,,hin selaction
of that control action is 3pprop-
riate. (5.15.4.1.5)

270. The presence and location of control
input data entered by the user ii;
clearly indicated. (5.15.4.1.15)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components MENU SELECTION COMPUTER DISPLAYS

HF Considerations Functionality, Visibility & Identification

Abbreviation Menu

Detailed Design Considerations YES NO IN / A Comment

271. If several levels of hierarchical
menus are provided, a direct func-
tion call capability is provided.
(5.15.4.2.8)

272. Menus are presented in a consistent
format throughout the system and
are readily available at all times.
(5.15.4.2.4)

273. The system only presents menu
selections for actions which are
currently available. (5.15.4.2.3)

274. Menu selections are listed in a
logical order or, if no logical order
exists, in the order of frequency of

use. (5.15.4.2.5)

275. When the number of selections can
fit on one page in no more than two
columns, a simple menu is used.
(5.15.4.2.6)

276. If menu selections must be made by
keyed codes, the options are coded
by the first several letters of their
displayed labels. (5.15.4.2.11)

277. Section codes and associated des-
criptors are presented on single
lines. (5.15.4.2.7)

278. When selections are indicated by
coded entry, the code associated
with each option is included on the
display in some consistent manner.
(5.15.4.2.10)

YES = Adequate NO : Inadequate N/A : Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

'Components FORM FILLING COMPUTER DISPLAYS

HF Conliderations Functionality

Abbreviation Form

Detailed Design Considerations YES NO N/A Comment

279. A displayed cursor is positioned by
the system at the first data entry
field when the form is displayed.
(5.15.4.3.6)

280. Protected areas of the display areas
are:
a) Designated.
b ) Made inaccessible to the user

via the cursor.
(5.15.4.3.12)

281. When a consistent dimensional unit
is used in a given entry field, the
dimensional unit is provided by the
computer. (5.15.4.3.10)

282. When required data entries have
not been input:
a) The omission is indicated to the

user.
b) Either immediate or delayed

input of the missing items is
allowed.

(5.15.4,3.11)

283. When the dimensional unit varies
for a given field, it is provided, or
selected, by the user.
(5.15.4.3.10)

284. Displayed forms are arranged such
that related items are grouped
together. (5.15.4.3.2)

285. A standard input form is used.
(5.15.4.3.3)

YES = Adequate NO Inadequate N/A Not Applicable
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15 Mey 1990 TOP 1-2-610DESIGN CHECKLIST

jComponents FORM FILLING COMPUTER DISPLAYS

HF Conalderatlons Functionality (Cont.)

IAbbreviatlon Form

Detailed Design Considerations YES NO N/A Comment

286. Field labels are distinctively pre-
sented such that they can be dis-
tinguished from data entry.
(5.15.4.3.5)

287. Fields or groups of fields are sep-
arated by lines or other delineation
cues. (5.15.4.3.4)

288. Labels for data entry fields incor-
porate additional cueing of data
format where the entry is made up
of multiple inputs, e.g.,
DATE (M/D/Y):

/ /

(5.15.4.3.5)

289. Required fields are distinguished
from optional fields. (5.15.4.3.4)

290. The format and content of displayed
forms is perceptually related to
that of paper forms if paper forms
are used to guide data entry.
(5.15.4.3.3)

291. The maximum acceptable length for
variable length fields is indicated.
(5.15.4.3.7)

YES = Adequate NO Inadequate N/A Not Applicable

B-210



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components COMPUTER FEEDBACK DISPLAYS

IF Considerations Functionality

Abbreviation Fe-dback

Detailed Design Considerations YES NO N/A Comment

292. Confirmation of user input occurs
without removing the data display.
(5.15.5.4)

293. Feedback is provided to the user to
provide status information.
(5.15.5.1)

294. Feedback is self explanatory.
(5.15.5.7)

295. If the system rejects user input,
feedback is provided to indicate the
reason for rejection and the re-
quired corrective action.
(5.15.5.7)

296. The information displayed to the
user is limited to that which is
necessary to perform specific ac-
tions or to make decisions.
(5.15.4.6.2)

297. When a control process or sequence
is completed or aborted by the
system, positive indication is pre-
sented to the user coocerning the
outcome of the process and the re-
quirements for subsequent user
action. (5.15.5.3)

298. When multiple modes of operation
exist, a means is provided to
remind the user of the current
mode. (5.15.5.5)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Componsnts COMPUTER FEEDBACK DISPLAYS

HIF Considerations Functionality (Cont.)

AAbbreviat on Feedback

Detailed Design Considerations YES NO N/A Comment

299. When system functioning requires
the user to stand-by, periodic
feedback is provided to indicate
normal system operation.
(5.15.5.2)

300. When a displayed message or datum
is selected as an option or input to
the system, the subject item is
highlighted to indicate acknowl-
edgment by the system.

= (5,15.5.6)

- -

YES = Adequate NO = Inadequate N/A = Not Applicable
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DESIGN CHECKLIST

JComponents COMPUTER PROMPTING DISPLAYSIHF Considerations Functionality

Abbrevlit ion Prompt

Detailed Design Considerations YES NO N/A Comment

301. A dictionary of abbreviations and
codes is available on-!ine.
(5.15.6.5)

302. Currently defined default values
are displayed automatically in
their appropriate data fields with
the initiation of a data entry trans-
action. (5.15.7.1)

303. On-line documentation, off-line
documentation, and help instruc-
tions use consistent terminology.
(5.15.6.6)

304. Prompts and help instructions are
used to explain commands, error0 messages, system capabilities, dis-
play formats, procedures, and se-
quences and to provide data.
(5.15.6.1)

305. Prompts and help instructions for
system-controlled dialogue are ex-
plicit. (5.15.6.3)

306. Prompts are clear and under-
siandable. (5.15.6.4)

307. Prompts do not require reference
to coding schemes or conventions
which may be unfamiliar to oc-
casional users. (5.15.6.4)

308. When operating in special modes,
the system displays the mode des-
Ignation and file(s) being proces-
sed. (5.15.6.1)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components COMPUTER PROMPTING DISPLAYS

HF Considerations Location & Arrangemente

Abbreviation Prompt

Detailed Design Considerations YES NO N/A Comment

309. Prompting messages are displayed
in a standardized area of the dis-
play. (5.15.6.2)

0

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components COMPUTER ERROR CORRECTION DISPLAYS

HF Considerations Functionality

Abbreviation E r r o r

Detailed Design Considerations YES NO N/A Comment

310. Error messages are constructive
and neutral in tone. (5.15.8.5)

311, The error messages reflect the
user's view. (5.15.8.5)

312. Computer-corrected commands,
values, and spellings are displayed
and highlighted for user confir-
mation. (5.15.8.9)

313. To prompt for corrections of an
error in stacked commands, the
system displays the stacked se-
quence with the error highlighted.
(5.15.8.10)

314. Where control input errors are
detected by the system, error
messages are available and error
recovery procedures are provided,
(5.15.4.1.14)

315. All error corrections by the user
are acknowledged by the system,
either by indicating a correct entry
has been made or by another error
message. (5.15.8.8)

YES = Adequate NO Inadequate N/A = Not Applicable
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DESIGN CHECKLIST

8. SPECIAL DISPLAYS

cjontents Ab l ylta Pa m

SPECIAL DISPLAYS - Functionality, Location & Arrangement Function B- 21 7

SPECIAL DISPLAYS- Size & Shape Size B-21 8

HEAD-UP DISPLAYS HUD B-219
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DESIGN CHECKLIST

*Components SPECIAL DISPLAYS

IHF Considerations Functionality, Location & Arrangement

Abbreviation Function

ITest Title
Test Project No. Date

Detailed Design Considerations YES NO NIA Comment

I. Displays such as cathode ray tube
displays, head-up displays, col-
limated displays and other displays
requiring refreshed information
are updated in a synchronous man-
ner. (5.2.1.3.10)

2. For critical functions, indicators
are located within 150 (265 mrad)
of the operator's normal line of
sight.
See FIGURE 2 in MIL-STD-1472D.
(5.2.2.1.7)

3. Groups are located and arranged to
share material, information, and
equipment; to simplify super-
vision; and to simplify coord-
ination. (5.14.2.2.2)

4. Instruments are located so that,
wth glare shields and bezels in
place, they can be easily read by
appropriate crew members.
(5.14,1.2)

L

mm - -

YES Adequate NO Inadequate N/A z Not Applicable
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15 May 1990 TOP 11.2-610

DESIGN CHECKLIST

@ 1Components SIPECAL DISPLAYS
HF Considerattons -Size & Shape

Abbreviation Size

Detailed Design Considerations YES NO N/A Comment

5. Alphanumeric and symbolic char-
acters do not subtend less than 16
min (4,7 mrad) of visual angle.
(5.2.6.8.4)

6. Alphanumeric characters are com-
posed of upper case letters.
(5.2.6.9.2)

"7. Flight display alphanumerics do not
subtend less than 24 minutes (7
mrad) of visual angle. (5.2.6.9.2)

8. Flight display characters which
must be read under aircraft envi-
ronmental conditions subtend not
less than 24 min (7 mrad) of vis-
ual angle. (5,2.6.8.4)

9. The height of alphanumeric char..
acters and geometric and pictorial
symbols do not subtend less than
15 minutes (4.5 mrad) of visual
angle. (5,2.6.9.2)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

O [Cornepnants HEAD-UP DISPLAYS

HF Considerations Functionality, Location & Arrangement

Abb roviatIon H U D

Detailed Design Considerations Y:E N••, N Comment

10. Head-up displays are compatible

with the capabilities and limita-
tions of the human visual sys!em.
(5.14.1.1.5.1)

11 . Head-up displays are refreshed to
the degree of timeliness required
by personnel in the normal oper-
atling mode. (5.2.1,3.10)

12. Information presented on head-up
displays is limited to critical data
which the operator is required to
monitor while simultaneously per-
forming some primary visual task.
(5.14,1 .1.5.1)

I 13. Aircraft display locations conform
to requirements of MIL-STD-203,
MIL-STD-250,MIL-STD-1333.
(5.14.2.1)

14. Aircraft advisory, caution and
warning legends and signals con-
form to requirements of MIL-STD-
411. (5.21.4.13)

YES = Adequate NO !nadequate NI/A = Not Applicable
B B- 219



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* -om-onents_ HEAD-UPDISPLAYSI

MF Consloeratlons Size & Shape

AAbbrovliatlon HUDJ

Detailed Design Considerations YESI NO N/A- Commenit

1 5. Head-up displays have e minimum
exit pupil (the area within a
collimated beam in which the
entire image forrned by an ob-
jective lens is capable of being
seen) of 2.8 ýn, (72 mm).
(5.14.1.1.5,5)

1 6. Head-up displays have a minimum
field of view of 200 (350 mrad) in
the vertical plane and 280 (490
rr,rad) in the horizontal plane.
(5.14.1.1.5.4)

17. Head-up display symbo: line width
is at least 3.4 ± 0.7 minutes (1.0
± 0.2 mrad).
(5.14.1.1.5.6)

18, Symbols used in head-up displays
have a minimum line width of 1.7
minutes (0.5 mrad).
(5.14.1.1.5.6)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

, Components HEAD-UP DISPLAYS

HF Consideratlons VisibiitV) & Identification

Abbreviation HUD

Detailed Design Considerations YES NO N/A Comment

19. For most high ambient light ap-
plications, symbol brighiness is
2,000 - 3,000 Ft-L (6,900 -

10,300 cd/sq m). (5.14.1.1.5.2)

20. Sufficient contrast is provided to
ensure head-up display symbol
legibility under all expected view-
ing conditions.
(5.14.1.1.5.3)

21 . Symbol brightness is not less than
1500 Ft-L (5000 cd/sq m) when
legibility in direct sunlight or
background luminance of 10,000
Ft-L (34,000 cd/ sq m) is re-
quired. (5.14.1.1.5.2)

22. Symbols are bright enough to be
legible under all expected ambient
lighting conditions.
(5.1 4. 1 .1 .5. 2)

YES = Adequate NO Inadequate N/A = Not Applicable
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DESIGN CHECKLIST

0
9o COMMUNICATIONS

Content Abbreviat.io Em
COMMUNICATIONS - Functionality Function B-223

COMMUNICATIONS - Locaton, Use Conditions Loc B-225

COMMUNICATIONS - Safety, Operating Procedures Safety B-226

RECEPTION EQUIPMENT Recep B-227

TRANSMISSION EQUIPMENT Trans B-229

AUDIO SIGNALS Aud Sig B-231
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components COMMUNICATIONS

HF Considerations Functionality

AAbbrevlation Function

Test Title

Test Project No. Date

Detailed Design Considerations YES NO IN/ A Comment

1. A foot-operated "Send Receive"
control is provided for situations
in which both hands are busy.
(5,3.10.3)

2. Circuits are designed so that the
speaker hears his own voice in the
headset in phase with his speech.
(5.3.11)

3. Communication equipment worn by
an operator (head phones, tele-
phone headsets, etc.) do not cause
discomfort. (5.3.9.1)

4. if communication channels are
continuously monitored, each
channel is provided with a signal-
activated switching device (squelch
control) to suppress channel noise
during no-signal periods.
(5.3.10.2)

5. Microphone, headphonc, and tele-
phone headsets permit hands-tree
operation under normal working
conditions. (5.3.9.2)

6. The audio signal devices and circuit
designs preclude false alarms.
(5.3.1.3)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610
DESIGN CHECKLIST

O Components COMMUNICATIONS

HF Consideratlons Functionality (Cont.)

Abbreviatlon Function

Detailed Design Considerations YES NO IN/ A Comment

7. The minimum setting of a volume
control is limited to an audible
level. (5.3.10.1)

8. There is a positive feedback indi-
cator that equipment is operative.
(5.1.1.4)

9. Whether audio warning signals are
designed to be terminated auto-
matically, by manual control, or
both, an automatic reset function is
provided. (5.3.6.2)

10. If hand signals are used, crew
members have unobstructed view
of each other. (5.14.1.1.4)

YES = Adequate NO Inadequate N/A Not Applicable
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DESIGN CHECKLIST

IComponents COMMUNICATIONS

HF Considerations Location & Arrangement, Use Conditions

Abbrevitlion Loc

Detailed Design Considerations YES NO N/A Comment

11. Communication devices are located
within easy reach of operator.

1 2. Radios and telephones are located
for easy emergency access and
time-critical communications.

13. Reach to communication controls is
unobstructed.

14. Operations are possible wearing
arctic mitts, arctic headwear.

1 5. Workspace accommodates operators
who are wearing earphones or
headsets.0

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP '1-2-610

DESIGN CHECKLIST

' Components ______________ COMMUNICATIONS

HF Conaiderationa Safety, Operating Procedures

Abbreviation .... ...... Safety

Detailed Design Considerations YES NO N/A Comment

16. Exposed metal parts are grounded.
(5.13.7.1.5)

17. Headsets worn in high ambient
noise provide attenuation equal to
ear pro,ective device. (5.3.8.4)

18. Radio antennas are located so as to
minimize radio-frequency hazards.

19. Antennas and waveguides are
grounded.

20. System ailows emergency messages
top priority and does not interfere
with their transmission or re-
ception. (5.3.5.6.2)

21. Warning signal intensity does not
cause discomfort or "ringing" in
the ears. (5.3.3.2.3)

22. Documentation includes standard
communication procedures and
protocol.

23. Documentation provides instruc-
tions for use and fault detection tor
comm,.nications equipment.

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

*Components RECEPTION EQUIPMENT

HF Considerations Functionality

Aibbreviation Recep

Detailed Design Considerations YES NO N/A Comment

24. Accessible volume or gain controls
are provided for gach communi-
cations channel. (5.3.10.1)

25. Color coding is used when multiple
handsets are visible or available to
the operator. (5.3.9.3)

26. Earphones and headsets are easily
adjusted. (5.3.9.1)

27. Headphones and loudspeakers res-
pond uniformly (t5 dB) over the
range 100 to 4,800 Hz. (5.3.8.1)

28. Volume and gain controls for
loudspeakers and headphones have
:sufficient electrical power to
achieve at least 100 dB with two
earphones. (5.3,10.1)

29. When channel differentiation is
required for three channels, one
channel is left unfiltered, a high
pass filter with 1,000 Hz cutoff is
provided in the second channel, and
a low-pass filter with 2,500 Hz
cutoff is provicoed in the third
channel. (5.3.8.2.2)

30. When channel differentiation is
required, apparent lateral sep-
aration is enhanced by applying
low-pass filtering (frequency
cutoff, FC - 1,800 Hz) to signals
fed to loudspeakers on one side of
the central operator position.
(5.3.8.2.2)

YES = Adequate NO Inadequate N/A = Pot Applicable
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15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

C Components RECEPTION EQUIPMENT
IHF Considerations Location, Use Conditions, Safety

AAbbroviatlon Recep

Detailed Design Considerations YES NO N/A Comment

31. Loudspeakers used in multi-
channel monitoring are mounted so
that they are greater than 100
(175 mrad) apart radially in the
horizontal plane with respect to the
central operator's posi!ion,
(5,3.8.2.1)

32. Loudspeakers used in multi-
channel monitoring are mounted so
that they are greater than 450 (0.8
rad) apart radially to the left and
the right of trie central operator's
position. (5.3.8.2.1)

33. When several headsets are used,
the most frequently or urgently
needed headset is the most acces-
sible. (5.3.9.3)

34. Binaural headsets are used when
ambient noise exceeds 85 dB(A).
(5.3.8.4)

35. When earphones will be worn in
the operational situation, a dichotic
presentation is used. (5.3.4.2.3)

36. Metal parts of headsets do not come
in contact with the user's skin.
(5.3.9.1)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

OComponents TRANSMISSION EQUIPMENT

HIF ConsldeOaitons Functionality

Abbr.viation Trans

Detailed Design Considerations YES HO IN/A Comment

37. In environments of loud, low fre-
quency noise (100 dB overall),
noise-cancelling microphones are
used providing at least a 10 dB
RMS gain. (5.3.7.3)

38. Microphone dynamic range, with a
selected amplifier, is great enough
to admit variations in signal input
of at least 50 dB. (5.3.7.2)

39. Microphones and associated system
input devices respond to a speech
spectrum of 200 to 6,100 Hz.
(5.3.7.1)

S 40. When no clipping is used, speech
system input devices employ
frequency pre-emphasis with a
positive slope frequency charac-
teristic no greater than 18 dB per
octave from 140 to 1,500 Hz, and
no greater than 9 clB per octave
over the frequency range 1,500 to
4,800 Hz. (5.3.7.4)

41, When the talker is in an intense
noise field, the microphone is put
in a noise shield. (5.3.7.6)

42. When transmission equipment em-
ploys pre-emphasis and peak
clipping is not used, reception
equipment employs frequency de-
emphasis. (5.3.8.3)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

*Components TRANSMISSION EQUIPMENT

HF Considerations Functionality (Cont.)1

Abbreviation Transi

Detailed Design Considerations YES NO N/A Comment

43. Where speech signals are to be
transmitted over channels showing
less than 15 dB peak speech to
root-mean-square-noise ratios,
peak clpping of 12 to 20 dB is
employed at system input and is
preceded by frequency pre-
emphasis. (5.3.7.5)

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

Components AUDIO SIGNALS1

HI Conaldlrotlone Functlonalty

Abbreviation Aud Sig

•retailled Design Considerations YES NO N / A Comment

44. A signal-to-noise ratio of at least
20 dB is provided in at least one
octave band between 200 and
5,000 Hz at the operating position
of the intended receiver. (5..,4.1)

45. Audio signals are coded as to
maintenance, emergency, health
nazard, signals. (5.3.4.3.2)

46. Audio signals denotin; emergencies
are notably different from routine
signals. (5.3.4.3.5)

47. Audio warning signal duration is at
least 0.5 second, and may continue
until the appropriate response is
made. (5.3.6.5)

48. Completion of a corrective action
by the operator, or by other
means, automatically terminates
the signal. (5.3.6.5)

49. Critical warning signals are
repeated with not more than a
3 second pause between messages.
(5.3.5.6.1)

50. Frequencies below 500 Hz are used
when signals must bend arournd
obstacles. (5 3.3.1.1)

51. If absolute sign31 discrimination is
required, the number of signals to
be identified does not exceed four.
(5.3.4.3.1)

YES = Adequate NO = Inadiequate N/A : Not Applicable

6-231



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

0 Components AUDIO SIGNALS

lIF Conaldorations Functionality (Cont.)

Abbriowlit in Aud Sig

Detailed Design Considerations YES to N/A Comment

52. If the operator is wearing ear-
phones during norma; operations,
audio warning signals arc directed
to boih earphones and to the work
area. (5.3.4.2.4)

53. The first 0.5 secold of an audic
signal is discriminable from the
first 0.5 second of any other signal.
(5.3.6.5)

54. The following types of signals are
not used as warning devices:

a) Modulated or interrupted tones.
b ) Steady signals that rasemble

hisses, static, or sporadic radio
signals.

c) Trains of impulses that re-
semble electrical interference.

d ) Simple warbles.
a) Scrambled speech effects.
f ) Signals that resemble random

noise, periodic pulses, steady
or frequency modulated simple
tones, or countermeasure de-
vices.

g) Signals similar to random
noise.

(5.3.4.3.6)

55. Audio warning signal frequency
range is between:
200 - 5,000 Hz required
500 - 3,000 Hz preferred.
(5.3.3.1.1)

YES = Adsquata NO = Inadequate N/A = Not Applicable
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15 May 1990 'TOP 1-2-610

DESIGN CHECKLIST

Compoilents ____ ____AUD110 SIGNAL31
14F Conalderatt~ns _____ ____Fukbctiorxllty (C(.r0i,)

Abb rev lato n Au. Slgj

Detailed Design Considarations YES -NO N/A Comrment

56. The length of the warning is a min-
imum of 0.5 second until cor-
roctive acilon is taken.
(5,3.4.3.3)

57. The typ3 of audible sigi4a presented
is in accordance with Table V in
MIL-STD-1472D. (5.3.1.2)

58. When reaction time is critical and
a two element signal is used, all
essential inrormation is trans-
mitted in the first 2.0 seconds of
tha identifying or action signals.
(5.3.2.2.1)

59. When reaction time is critical and
a two element signal Os used, an
alerting signal of 0.5 second dura-
tion is provided. (5.3.2.2.1)

60. When reaction time is critical,
signals are of short duration.
(5.3.2.2.2)

61. Where a single element signai is
used, all essential information is
transmitteJ in the first 0.5 second.
(5.3.2.2.2)

62. When different audiu signals are
used to alert an operator to dif-
ferent conditions, discriivin ble
differences in intensity, pilch, or
use of beats and harmonics are
provided. (5.3.4.3.1)

YES = Adequate NO Inadequate N/A = Not Applicable
SB-233
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DESIGN CHECKLIST

CW om po~ronts - AUDIO SIGNALS

IHF Considerations Fuznctional'ity (Cont

Ab b roylnt lo r Aud Sig!

Detelled Oeslgn C,,nslderatlons YES NO N/A Comrnend

"63. When signals must travel over 985
ft. (300 m), sounds with fre-
quencies below 1,000 Hz are used.
(5.3.3.1.1)

L-

YES = Adoquate NO Inadequate N/A Not Applicable
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DESIGN CHECKLIST

10. LINES, HOSES & CABLES

C01312012i Ahbr IS1JJ±LQRD
Functionality Function B 236

Locatior & Arrangement, Size & Shape Loc B-237

Direction & Force, Clearance & Separation Dir B-238
Visibility & Identification Vi,'s B-239

Use Conditions UsM B-241

Safety Safety B-242
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components LINES, HOSES & CABLES

HF Considerations Functionality

Abbreviation Function

Test Title

Test Project No. Date

Detailed Design Considerations YES NO NN/A Comment

1. Cables are long enough to allow the
functioning unit to be checked con-
veniently or extension cables are
provided. (5.9.13.3)

2. Guide pins or equivalent devices
are provided to aid in alignment of
drawer modules designed for "re-
move and replace" maintenance.
(5.9.14.10)

3. Flugs requiring no more than one
turn, or other quick-disconnect
plugs, are provided. (5.9.14.1)

4. Covered space is provided for cable
storage.

5. Hand operaticn or common tools are
used to tighten or loosen.

6. Manner of connecting and discon-
necting lines, hoses, cables is
obvious.

7. Reels and reel carts are provided to
handle large, heavy, long lines and
cables.

YES = Adequate NO = Inadequate N/A Not Applicable

B-236



15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

* Components LINES, HOSES & CABLES

HF Conalderaflon, Location & Arrangement, Size & Shape

AAbbrevletloin LOc

Detailed Design Considerations YES NO N/Al Comment

8. Test cables terminating on control
panels do not interfere with
controls and displays. (5.9.13.4)

9. Cables are routed so as to be
accessible for maintenance and
repair, (5.9.13.5)

10. Number of inputs to and outputs
from each unit are minimized by
grouping functions.

1 1. Bands, tags, and paints are placed
adjacent to valves, regulators, flow
checks, cleanouts, etc.; at the
junction of branch lines; or where
lines pass through walls and doors.

12. Cable clamps are spaced every 12
in. (30 cm).

13. Cables are size and shape coded for
similar components. (5.9.13.8)

14. Electrical plugs are size and shape
coded. (5.9.14.3)

15. Line fittings are standardized so
that lines that differ in content are
not interchangeable.

YES = Adequate NO Inadequate N/A Not Applicable

B-237



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components LINES, HOSES & CABLES

HF Considerations Direction & Force, Clearance & Separation
lAbbreviation . D Irl

Detailed Design Considerations YES NO N/A Comment

1 6. Adequate space is provided to handle
lines, hoses, and cables.
(5,9.13.6)

17. Cables are long enough so that
drawer or slide-out racks can be
opened without breaking electrical
connections. (5.9.13.6)

18. Clearance between cables and
controls is 3 in. (76 mm) mini-
mum.

19. Tightening requiies a clockwise
motion; loosening requires a
counterclockwise motion.0

YES = Adequate NO = Inadequate N/A Not Applicable

B-238



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components LINES, HOSES & CABLES
HI Consideratrons Visibility & Identification
Abbrov ltIon Via

Detailed Design Considerations YES NO N/A Comment

20. Lines (pipe, hose, and tube) for
liquids, gas, steam, etc., are clear-
ly marked as follows:
a) Function (hydraulic, electric,

etc.).
b) Subfunction, when required

(flap up, flap down, etc.).
c) Hazard,
d) Direction of flow, if applicable.
(5.13.3)

21, Cables are labeled as to which
equipment or connector they be-
long. (5.9.13.8)

22. Cables are visible and accessible
during maintenance. (5.9.13.5)

23. Multiple conductors are coded
every 12 inches (300 mm) along
their length. (5.9.13.1)

24. Identification tags and bands are
used on:
a) Cold lines or lines exposed to

excessive heat (above 350 OF
(163 °C)).

b) Stainless steel lines 4 in. (101
mm) or longer.

25. Identification paint is used on 4 in.
(101 mm) minimum lines.

26. Identification tapes encircle lines,
hoses and cables.

YES = Adequate NO : !nadequate N/A : Not Applicable

B-239



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

0 IComponents LINES, HOSES & CABLES

HI Considaratlina Visibility & Identification (Cont.)

IAbbreviation V's

Detailed Design Considerations YES NO N / A Comment

27. Coding conforms to requirements of
MIL-STD-1247 and TABLES 5-2
and 5-3 of MIL-HDBK-759A(MI).

28. Electrical cables are not routed
below lines.

29. If possible, individual conductors
of all cables (either single or
multi-conductor) are color-coded
through their entire length.

30. Line, hose, and cabie color con-
trasts with backgrcund.

31. At least one identification tape is
visible from any point along the
line.

32. Low overhead pipes are highly
visible.

-- .-.- -

YES = Adequate NO = Inadequate N/A Not Applicable

B-240



15 May 1990 TOP 1-2-4l0

DESIGN CHECKLIST

Components LINES, HOSES & CABLES

HF Consideratlons Use Conditions

Abbreviation Use

Detailed Design Considerations YES NO N/A Comment

33. Cable, line, and hose connectors are
operabie by user wearing arctic
mittens.

34, Line and cable attachment parts are
reachable by user in bulky cloth-
ing. (5.9.1.7)

@-

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Comnponents LINES, HOSES & CABLES
HF Considerations Safety

Abbreviation Safety

Detailed Design Considerations YES NO jN/A Comment

35. Cables are not pinched by doors or
lids and are not in a position to be
walked upon or used as handholds.
They are not bent' or twisted un-
necessarily. (5.9.13.6)

36. Cables routed through holes are
p.otected by grommets, etc.
(5.9.13.7)

37. Automatic shutoffs are provided on
fuel service equipment to prevent
overflow or spillage. (5.13.7.3.2)

3a. Pipes and hoses are appropriately
guarded in case temperature ex-
ceeds 140 OF (60 OC) or if it
exceeds 120 OF (49 °C) during
handling. (5.13.4.6)

39. Pipes and hoses are appropriately
guarded in case temperature is less
than 32 OF (0 °C).
(5.13.4.6)

40. Long conductors and cables internal
to the equipment are clamped to the
chassis unless contained in wiring
ducts or cable retractors.
(5.9.13.2)

41. Dangerous voltage is placarded.
(5.13.2.1)

42. Electrical wiring is routed away
from lines carrying oxygen and
flammab'e fluids.

YES, = Adequate NO Inadequate N/A Not Applicable

B-242



15 May 1990 lOP 1-2-610

DESIGN CHECKLIST

. Compc~nfknts ___________________ LINES, HOSES & CABLE~S

HF Considerations Safety (Cont.)

Abbreviation Safety

Detailed Design Considerations YES NO N/A Comment

43. High-pressure lines have a retain-
ing chain attached to the line and
source.

44. Irregular, fragile, or awkward ex-
tensions are removable for hand-
ling.

45. Conductors are bound into cables
and held by lacing or tape.

eL

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

11. WORKSPACE

Contetsi AbbemlaionQD
WORKSPACE - Functionality Function B-245
WORKSPACE - Visibility & Identification Vis B-247
WORKSPACE - Use Conditions Use B-248
WIORKSPACE - Sfety Safety B-249

COSU.,,Cor B-251
ILLUMINATION Illum B-254

NOISE & VIBRATIO-"N Noise B-255

HEATING & VENTILATION HV B-257
SEATING Seating B-260
WORKSPACE IN VEHICLES In Veh B- 2 6 3

0
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

components WORKSPACE
HF Considerations Functionality, Size & Shape
Abbreviation Function

STest Title

Test Project No. Date

Detailed Design Considerations YES NO NN/ A Comment

1 Adequate and suitable siorage is
provided for manuals, worksheets,
etc. (5.7.1.3.4)

2. Compartment design allows equip-
ment sharing and reliable com-
munication. (5.14.2.2.1)

3. Design accommodates dimensions of
5th to 95th percentile soldier from
FIGURES 23-29 and TABLES XlII.
XVIII in MIL-STD-1472D.
(5.6.1)

4. Emergency procedures are detailed
(5 14.3.1.1)

5. Handles are provided on units
which are removed or carried.
(5.9.11.5.1)

6. Instructons are kept simple.
(5.14.3.1.1)

7. Test stands are part of the equip-
ment. (5.9.11.1)

8. Sufficient space is provided to use
test equipment and tools required
during checkout. (5.9.4 3)

9. Traffic flow between sreas is
efficient. (5.14.2.2.3)

YES = Adqquate ;O Inadequate N/.A i t Applicable

B-245



15 May 1990 TOP 1-2-610

DESIGN CH1ECKLIST

_. IComponents WORKSPACE
HF Consideratlona Functlonallty (Cont.)J
AAbbreviatlon Functionj

Detailed Design Considerations YES NO N/A Comment

10. Workspace allows ease of weapon
handling, aiming, loading, firing,
and field stripping. (5.14.1)

1 1. Easy access to and from a station is
provided.

12. Equipment is designed and installed
with workspace requirements in
mind.

13. User is oriented o the work site.

1 4. User space is not encroached on by
others.

15. Workspace provides head, arm, and
body clearance at any weapon
position.

YES = Adequate NO Inadequate N/A = Not Applicable

B-246



15 May 1990 TOP 1-2-610
DESIGN CHECKLIST

*Components WORKSPACE

HIF ConelJeretlons Visibility & Identification

AbbrevIation Vis
S-- - _ I II II-I

Detailed DOsulgn Considerations YES NO N / AI Comment

16. Crane controls are easily reached
and afford load visibility.
(5.12,8.3)

17. Windows, windshields, and cano-
pies are free from color, distor-
lion, etc. (5.14.1.1.1)

18. The lines of sight to a display are
not obscured by poor arrangement
of people or equipment.
(5.2.1.4.1)

19. There is a direct view of work.
(5.10.4.2)

20, Areas requiring special equipment
Sand/or clothing are specifically

identified. (5.13.2.4)

21. Push-out escape w~ndows are
marked.

YES = Adequate NO:: Inadequate N/A Not Applicable

B-247



15 May 1990 YOP 1-2.610

DESIGN CHECKLIST

Compononts ,_,_WORKSPACE

HF Co.isderrtloni Use Conditions

b bbreviation Use

Detailed Design Considerations YES NO N/AU Comment

22. Aerospace vehicle workspace
clearances are sufficient for per-
sonnel wearing light or bulky
clothing. (5.14.2.3).

23. Aliowances are made for heavy
clothing and proiective equipment.
(5.7.4)

24. Workspace aocommodates rcquired
number of suitably clothed 95th
percentile m3les. (5.7.4)

II

YES = Adequate NO Inadequate N/A = Not Applicable
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15 Mrý 1960 TOP 1-2-610

DESIGN CHIECKLIST

CompaoonleWORKS PACE
HIF ConIderatlons Safety

AAbbrev ltIon Safety

Detailed Designi ConsiderTtions YES NO IN/A CommentII

25. Any structure that car) be chopped
through in an emergency is clearly
marked and axes are ptrovided.,. 5.14.4.1 °3)

26, Equipment is secured in order to
prevent accidental shifting or
ovetrturning. (5.14.4.1.4)

27. Ccnspicuous placards are adjacent
to equipment which is hazardous to
the user. (5.13.2.1)

28. Guards are provided on moving
parts. (5.13.7.2.1)

29. Haza,'d-alert~ng devices are pro-
vided. (5.13.4,1)

50. Radietion exposure is below 0.5
milliroentgens per hr at a distance
of two inches from any point on the
external surface. (5.13.7.5)

31, Radiation hazards from all sources
are minimized. (5.13.7.5)

32. Maintenance workspace is free of
obstructions which could cause in-
jury. (5.13.4.4)

33. Manuals and markings include
warnings on toxic and thermal
hazards of heaters and exhaust gas.

34. Padding is non-abrasive and non-
toxic.

YES = Adequa•te NO = Inadequate N/A Not Applicable

B.249



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components WORKSPACE

HF Consi.eratlons Safety (Cont.)

Abbreviation Safety

Detailed Design Considerations YES NO N/A Comment

35. Exhausts are directed away from
compartments.

YES = Adequate NO= Inadequate N/A = Not Applicable

B-250



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

*Components CONSOLES

HI•F Considerations Location & Arrang!ment, Size & Shape

Abbreviation Cons

Detailed Design Considerations YES NO N / A Comment

36. Components are located so that

physica! interference among op-
erators working in the same areas
is minimized. (5,14.2.2.1)

37. Groups are located and arranged to
share material, information, and
equipment; simplify supervision
and coordination. (5.14.2.2.2)

38. Equipment is located to preclude
awkward working positions.

39. Exposed edges and corners are
rounded and have a 0.03 in. (0.75
rmm) minimum radius. (5.13.5.4)

40. For personnel safety, edges and
corners are rounded and have a 0.5
in. (13 mm) minimum radius.
(5.13.5.4)

41 . Panel dimensions conform to TABLE
XX and FIGURES 30-32 in
MIL-STD-1472D. (5.7.5.1)

42. Minimum extended lateral work-
space for racks having drawers/
removable equipment is:
Under 44 pounds (20 ko)
18 inches (460 mm) one side,
4 inches (100 mm) on the other.

Over 44 oounds f20 khg
18 inches (460 mm) on each side.
(5.7.1.3.2)

43. Right-left viewing angle for a
wrap-around console is 1900 (3.3
rad) maximum. (5.7.6.1.5)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Compontnts CONSOLES

HF Conalderatlona Clearance & Separation
IAbbreviation Cons

Detailed Design Considerations YES NO N/A Comment

44, Consoles and work surfaces that
require standing or sitting close to
the front surfaces has a kick space
at least 4 in. (100 mm) in depth
and height. (5.7.1.1)

45. Consoles have at least 4 ft. (1.22
m) of free floor space in front.
(5.7.1.3)

46. The minimum ý,pace between rows
of cabinets is 8 inches (200 mm)
greater than the depth of the
deepest drawer or cabinet.
(5.7.1.3.3)

47. Equipment racks requiring main-
tenance have a minimum distance
from the front of the rack to the
opposite surface or obstacle of 42
in. (1.070 m). (5.7.1.3.2)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610
DESIGN CHECKLIST

Components CONSOLES

HIP Con,.derat.ons Visibility & Identification, Safety

Abbreviation Cons

Detailed Design Considerations YES NO N/A Comment

48. Instrument reflection is avoided.
(5.14.1.1.1)

49. Display reading location is iden-
tified.

50. Handles on cabinets and consoles
are recessed whenever practicable,
to eliminate projections on the
surface. (5.7.1.2)

51. Handles not recessed can neither
injure personnel nor entangle
clothing or equipment. (5.7.1.2)

52. Protective padding is used.

YES = Adequate NO Inadequate N/A = Not Applicable

B-253



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

OComponents ILLUMINATION

HF Con$1deratlons Visibility & Identification

Abbreviation Iliu m

Detailed Design Considerations YES NO N,/A Comment

53. Adequate illumination is provided
in all areas. (5.13.4.5)

54. Surface reflectance is per FIGURE
3-7 in MIL-HDBK-759A(MI).
(5.8.2)

55, Capability 'or light dimming is
provided. (5.8.2)

56. Illumination levels comply with
TABLE XXI in MIL-STD-1472D.
(5.8.2)

57. Warning placards, stairways, and
all hazardous areas are illuminated
per TABLE XXI in
MIL-STD-1 472D.
(5.13.4.5)

58. Provisions for auxiliary power and
lighting are provided.

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

. Components NOISE & VIBRATION

HF Considerations Functlonality

AAbbreviation Noise

Detailed Design Considerations YES NO N / A Comment

59. Maximum workspace noise limits:
a) Extreme quiet needed: 35 dB(A).
b ) Telephone use or, direct

communication at distances up
to 15 ft: 55 dB(A) SIL.

c) Telephone use or direct
communicatior! at distances up
to 5 ft: 55 dB(A).

d) Small office spaces:
45 dB(A) SIL.

e) General Workspaces:
75 dB(A) SIL.

f) Shipboard: Conforms to MIL-
STD-740-1, HEDGE FIGURE
C-4.

g) Aircraft: Conforms to MIL-A-
8806.

(5.8.3.3.1 -6)

60. Auditory alerting and warning
signals are loud enough to be heard
above environmental noise.
(5.3.3.2.1)

61. The acoustical environment does
not degrade system effectiveness.
(5.8.3.1)

62. Sound absorption and attenuation
material/layouts ai•e provided.
(5.8.3.4.2)

63. Vibration exposure criteria ate
per FIGURE 43 in MIL-STD-
1472D. (5.8.4.1.2)

---- i

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

eComponents NOISE & VIBRATION

HF Consideratlons Functionality (Cont.)

Abbrevlation Noise

Detailed Design Considerations YES NO N/A Comment

64. Facilities and equipment control
transmission of whole body vibra-
tion to levels permitting safe oper-
ation and maintenance. (5.8.4.1.1)

65. Motion sickness protection limits
from exposure to vibration are per
FIGURE 44 in MIL-STD-1472D.
(5.8.4.1.1.4)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

, Component. HEATING & VENTILATION

HF Considerations Functionality

Abbreviation HV

Detailed Design Considerations YES NO N/A Comnment

66. Adequate ventilation is provided at
a minimum of 30 cu. ft. (0.85
cu.m) per minute per soldier.
(5.8.1.2)

67. Air moves past the operator at:
100 ft. (30 m) per minute max.
65 ft. (20 m) per minute

preferred.
(5.8.1.2)

68. Wet bulb globe temperature con-
forms to the following:
Chemical protective clothing
67 0F (20 0 C) max.
Intermediate clothing
70°F (210C) max.
Use of body armor
72°F (220C) max.
(5.8.1.8)

69. If hard physical labor is sustaired
more than two hours, maximum
wet bulb globe temperature is
77°F (25°C).
See FIGURE 38 in
MIL-STD-1472D.
(5.8.1.8)

70. The effective temperature within
enclosures for extended periods is
at or below 85°F (290C).
(5.8.1.3)

71. Ventilation or other protective
mea3ures are provided within the
limits of FIGURE 39 in
MIL-STD-1 472D.
(5.8.1.2)

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components HEATING & VENTILATION

HF Considerations Use Conditions, Safety

AAbbrevlation HV

Detailed Design Considerations YES NO N/A Comment

72. Air conditioning systems do not
discharge cold air directly on per-
sonnel. (5.8.1.3)

73. Arctic clothed soldier is not ex-
posed to temperature greater than:
60°F (160 C) max.,
35-45°F (2-7 0 C) optimum.

74. Carbon monoxide is below levels
that will result in carboxyhemo-
globin (COHb) blood levels exceed-
ing 5% (aviation systems), or
10% (all other systems).
(5.13.7.4.2)

75. Equipment is guarded if temper-
ature exceeds 140°F (60 0C).
(5.13.4.6)

76. Handled equipment is guarded if
temperature exceeds 120°F (49
°C). (5.13.4.6)

77. Handle or grasp surfaces are not
thermally or electrically conduc-
tive. (5.9.11.5.7)

78. Heating and air conditioning speci.
fications:
Mobile work areas
50 - 85°F (10 • 29-C)
Rermanat nAart
65 - 85°F (18 - 29-C)
(5.8.1.1/3)

YES Adequate NO Inadequate N/A = Not Applicable

B-258



16 May M9U TOP 1-2-610

DESIGN CHECKLIST

.|Components HE___'ING & VFt1TiLATION.

MHF Conalderatiors __ _ _Safety (Cent,)

Abbreviation HVj- I,, ov..,. w-- -- nv

Detal'ud Design Conslprations YES NO •N"IA Commentf-I
79. Intakes for ventilation systems are

located so as to minimize the
introducion of contaminated air
from exhaust pipes, etc. (5.8.1.2)

YES u Adequate HO Inadequate NiA Not Applicetble

B-259



15 May 1990 TOP 1-2-510

DESIGN CHECKLIST

Components SEATING

HF Conulderetlon ____________________ Functionality

Abbrevlatlon S.tng

Detalled Dosign Consideratlons YES .3 Ni A Comment

80. Armrests do not irterfore with
work, ogress, or emergo'ncy pro-
cedures. (5. 14.2.4.7)

81. Rotating seats have 8 locking
positions minimum, and support
250 lb.(113 kg). (5.14.2.4.3)

82. Seating is compatible with console
(5.7.3.4.1)

83. Standing operator has work
surfaces provided to support
manuals, etc. (5.7.2.1)

84. The operator does not have to lift
self to adjust the seal.

YES = Adlquate NO z Inadequate N/A a Not Applicable
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IS May 1990 TOP 1-2-610

DESIGN CHECKLIST

Componenta SEATING

HF Considerations Size & Shape

Abbravistfon Seating

Detailed Design Considerations YES NO N..A Comment

85. Armrests are at least 2 in. (50
mm) wide and 8 in. (200 mm)
long. (5.7.3.4.5)

86. Back and seat of chair have 1 in.
(25 mm) minimum of padding.
(5.7.3.4.4)

87. Back.rest angle is less than 1100
(1.9 rad) from horizontal.
(5.7.3.4.3)

88. Lateral work space is 30 in. (760
mm) wide x 16 in (406 mm)
deep (5.7.3.1/3)

89. Writing space is 24 in. (610 mm)
wide x 16 in. (406 mm) deep.
(5.7.3.1/3)

90 Seating providing only lumbar
support possesses a back rest angle
of 100 - 1150 (1.7 - 2.0 rad) for
alert positions. (5.7.3.4.3)

91. Seat backrest reclines 103 to 1150
(1.8 - 2.0 rad). (5.7.3.4.3)

92 Seat backrest supports the torso so
that the operator's eyes are within
3 on. (75 mm) of the "eye-line.,
(5.7.3.-43)

YES a Adequate NO = Inadequates N/A = Not Applicable
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15 Maly 1990 TOP 1-2-610

DESIGN CHECKLIST

Comorn 0ont a SEATING
HF Cons.iderati ons Clear.,ico & Separatlo.

AbbrelviatIon Sooting

Detailed Deslgn Considerations YES] NO N/A Comment

93. Knee and foot room beneath work
surfaces exceeds the followirg
dimen•sions:
Eijggbi 25 in. (640 mm)
Widb= ,20 in. (SlO mm)
Qg=b 18 in. (460 rmm).
(5.7.3.5)

94. Vertical seat adjustibility is 15 to
21 in. (380 to 530 mm).
(5 7.3.4.2)

95. Vertical seat adjustments are in
1.0 in. (25 mm) increments
maximum. (5 7,3.4.2)

YES a Adaquate NO Inadequate NWA z Not Applicable
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-I May 1990 TOP 1-2-610

DESIGN CHECKLIST

"* Components WORKSPACE IN VEHICLES]

HF Considerations Functionality]

"Abbrevlitton in VehJ

Detailed Design Considerations YES NO Ni A Comment

96. Cars have seat belts. (5.12.2.7)

97, The seated operator has free pedal
access and use of foot pedals.
(5.14.2.4.5)

98. Fresh air is provided

20 cu. ft. (0.43 cu. m) per minute
per person,

150-200 cu. ft. (4.25-5.6 cu.m)
per minute per person, (5.12.6.2)

99. A 95th percentile loader with
proper clothing can sit or stand
clear of recoil while holding round.
(9.1.8.7)

100. Easy access to and from a station is
provided.

-- L L i - - __ _

YES Adequat. NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2.610

DESIGN CHECKLIST

* Components WORKSPACE IN VEHICLES

HF Considerations Size & Shape

Abbroviation In Veh

Detailed Design Considerations YES NO N/A Comment

101. A loader can comfortably sit in the
closed-hatch mode or stand in the
open-hatch mode.

102. Armrests that are integral with
operator's seats are at least 2 in.
(50 mm) wide and 6 in. (200
mm) long. (5.14.2.4.7)

103. Backrest angle is a maximum of
500 (875 mrad) for the rest posi-
tion. (5.14.2.4.6)

104. Backrest angle varies between 5
and 150 (85 and 260 mrad) aft of
the vertical for the work position.
(5.14.2.4.6)

105. The rest angle does not exceed an
included angle between seat and
backrest of 1360 (2.4 rad).
(5.14.2.4.6)

I 06. Passenger seats face the rear of the
vehicle and include a '16 inch (400
mm) walkway space between the
seat pan edge and the back of the
adjacent seat. (5.14.2.4.9)

107. Rotating seats adjust fore and aft at
least 4 in. (100 mm) minimum.
(5.14.2.4.3)

108. Sitting surface provides a mini-
mum of 9 in (230 mm) between
the sitting surface and the bottom
of the work surface. (5.14.2.4.4)

YES = Adequate NO = Inadequate NIA = Not Appllcable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

- Components WORKSPACE IN VL'HICLES

HF Consilderatlons Size & Shape (Cont.)

Abbrevtatlon In Veh

Detailed Design Considerations YES NO N/ A Comn.ent

109. Armrests that are integral with
operator's seats are 7.5 to 10 in
(190 to 250 mm) above the seat
surface. (5.14.2.4.7)

110. Ceiling height of trailer vans arid
transportable enclosures is:
Standino
78 in. (198 cm)

74.5 in. (189 cm)
(5.12.7.2)

11 1. Aircraft seating conforms to re-
quirements of MIL-STD-1333.
(5.14.2.1)

112. Vehicle operator se3ting conforms
to requirements of TABLE XXVII and
FIGURES 50-51 in MIL-STD-
1 472D.

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610
DESIGN CHECKLIST

, Components WORKSPACE IN VEHtCLES

HI Considerations Visibility & Identificatton

A bo~ro via? on -n _______

Detailed Design Considerations YES NO N / A Comment

1,13. Dislorlion is avoided in windows.
(5.12.5.7)

114. Door posts or wiper motors do not
obscure vision.

11 5. Loader can see outside while oper-
ating in closed-hatch mode.

.!B Mirrors are braced against vib-
ration.

117. Multireflections from multilayered
windows are minimized.
(5.14.1,1.2)

118. Reflection of instruments or con-
sole in windows or windshields is
avoided.

119. The forward field of view is:
1800 (3.1 rad) min.,
2200 (3.8 rad) preferred.
(5,12.5.2)

120. Truck operators are provided
ground visibility for all distances
beyond 10 ft. (3 m) in front of
vehicle and upward visibility of
150 (.026 rad) above horizontal.
Mirrors may be used to meet this
requirement. (5 12.5.3)

121. Visors reduce external glare.
(5.12. .6 .6)

122. Vision envelopes for aircraft con-
form to requirements of MIL-STD-
850. (5.14.1.1.4)

YES = Adequate NO Inadequate N/A Not Applicable
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15 Ma ' 1990 TOP 1-2-610

DESIGN CHECKLIST

Components WORKSPACE IN VEHICLES]

H.F Considerations Visibility & Identificatiorn (Cont.)1

Abbreviation In Vehj

Detailed Design Considerations YES NO NN/A Comment

123. Windscreen angle of incidence is
600 (1.05 rad). maximum for un-
distorted vision. (5.14.1.1.3)

124. Windshields and windows are shat-
terproof and do not distort vision.
(5.12.5.7)

YES =Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Comnp one ntsa WORKSPACE IN VEHICLES

HF Conslderatlons Safety

,Abbreviation In Vehl

Detailed Design Considerations YES NO N!A Comment

125. Emergency doors and exits are
constructed so that they:
a) Are simple to operate.
b) Are readily accessible.
c) Are unobstructed,
d) Are simple to locate and operate

in the dark.
e) Are quick opening in three

seconds or less.
f) Require 10 to 30 lb (44 to

133 N) to open.
g) Do not themselves constitute a

safety hazard.
h) Permit one person egress in 5

seconds or less.
(5.13.4.2)

YES = Adequate NO Inadequate N/A= Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

'0
12. FASTENERS & CONNECTORS

Contents Ahl ation E
Functionality Function B-270

Location & Arrangement, Size & Shape Loc B-272

Direction & Force Dir B-273

Clearance & Separation Clear B-274

Visibility & Identification Vis B-275

Use Conditions Use B 277

Operating Procedures, Safety Q0 B-278

0
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components FASTENERS & CONNECTORS

HF Considerations Functionality

Abbreviation Function

Test Title

Test Project No. Date

Detailed Design Considerations YES NO N/A Comment

1. Access-cover fasteners are of the
captive type. (5.9.10.3)

2. Adapters for pin connectors can be
hand-tightened. (5.9.14.12)

3. Aligning pin extends beyond plug's
electrical pins to insure alignment
before electrical pins engage.
(5.9.14.5)

4. Captive )ype dust covers are used.
(5.9.14.13)

5. Design of plugs ensures that it is
impossible to insert a wrong plug
into a receptacle. (5.9.14.2)

6. Fasteners are standardized to de-
crease the number of tools re-
quired. (5.9.10.5.3)

7. Hinged doors or covers have cap-
tive, quick-opening fasteners.
(5.9.10.3)

8. Only standard tools are used.
(5,9.14.12 - 5.9.10.1)

9. Guide pins or equivalent devices
are provided to aid in alignment of
drawer modules designed for "re-
move and replace' maintenance.
(5.9.14.10)

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

OComponents FASTENERS & CONNECTORS]

IHF Considerations Functionality (Cont.)

IAbbroviatlon Functions

Detailed Design Considerations YES NO N/A Comment

10. Plugs and receptacles have aligning
pins o0 equivalent devices for in-
sertions. (5.S.14.4)

11. Internal grip head fasteners are
used only when a convex smooth
surface is critical to mechanical
function or for personnel safety.
(5.9.10.5.2)

12. Bolts have a minimum number of
turns.

13. Captive fasteners are used where
dropping such items (nuts, bolts,
etc.) may cause hazards or where
access covers ned frequent re-
moval.

14. Mounting bolts are semi-
permanently captive.

15. Mounting screws have clearance
holes.

16. Plugs and connectors are self-
locking.

17. Self-alignment is provided for fas-
teners.

18. The number and type of fasteners
used is minimized.

19. There are not more fasteners or
access panels than are required to
maintain structural integrity of
the unit.

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components FASTENERS & CONNECTORS

HF Considerations Location & Arrangement, Size & Shape

AAbbraviation Loc

Detailed Design Considerations YES NO N/A Comment

20. Plugs and receptacles are arranged
so that aligning pins are oriented in
the same relative position.
(5.9.14.6)

21. Connectors are placed so that spil-
lage and weather do not cause dam-
age.

22. Bolts requiring high torque have an
external grip head. (5.9.10.5.1)

23. Non-interchangeable connectors
are provided for different uses.
(5.9.14.2)

* 24. Connectors are physically different
when lines carry different fluids.
(5.13.7.3.1)

25. Cotter keys have a snug fit and a
large head.

26. Fastener heads are large enough to
be grasped and handled Easily.

YES = Adequate NO = Inadequate N/A Not Applic:able
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15 May 1990 TOP 1-2,610

DESIGN CHECKLIST

Components FASTENERS & CONNECTORS

HF Considerations Directoii I Force

Abbreviation DIr

Detailed Design Considerations YESt NO N/A Comment

27. Fasteners and plugs require one
turn maximum to tighten or to
loosen. (5.9.14.1 - 5.9.10.7)

28. Fasteners requiring less than 10
ft-lb.(14 N-m) of torque have hex
type internal or external grip
heads, or combination grip heads.
(5.9.10.5.2)

29. Fasteners requiring more than 10
ft-lb.(14 N-m) of torque possess a
hex type externa! grip head.
(5.9.10.5.1)

30. For quick disconnect, snap action,
release or twist, fasteners and
plugs require up to one full turn
for frequent critical use.
(5.9.14.1 5.9.10.7)

31. Tightening requires a clockwise
motion; loosening requires a coun-
terclockwise motion.

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 19"o TOP 1-2-610

- LDESIGN CHECKLIST

CCorponents FASTENERS & CONNECTORS

H FConsiderations Clearance & Separation

lAbb ravlation CIear

Detailed DesIgn Considerations YES NC N/A Comment

32. Adequa!e space is available to grasp

conneciors firmly. (5.9.14.8)

331 Connectors are separated by at
least 1.0 in. (25 mm)

34. Where high torque is imposed,
space is provided for use of a con-
nector wrench. (5.9.14.8)

35. Obstructions to access are remov-
able.

*

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May i';90 TOP 1-2-610

DESIGN CHECKLIST

Components FAST4EERS & CONNECTORS

HF Consld.ertlons Visibility & ldent-"icatlon

A b b revia t Icn VIS

Detaiied Design Considerations YES NO N/A Commeni

36, Connecting plugs and receptacles
are identified ty color, size or
shape. See FIGURES 5.5 and 5.6 in

vl L-HDBI,'-759A(Ml).
(5.9.14.3)

37. Marking and color-coding of test-
points conform to MIL-STD-415,
(5.9.15.3)

38. Plugs and receptacles have stripes,
arrows, etc., to show a;rgning pin
positions, (5.9.14.7)

39. Receptacles are marked as to vol-
tage, phase, and frequency.
(5.13.26)

40. Where torquing is imposed to meet
special requirements, instruction
labels or placards are provided in
close proximity to fasteners.
(5.9.10.8)

41 . Easy visua; scce3s is provided for
starting threads.

42. Fastener and connector operating
parts are easil,ý accussile and vis.
iole

43- Identification colors are readily
discriminable from each other un-
der operational lighting.

44. Labels and codes are visible when
fastener is connected or not con-
nected.

YES = Adequate NO Inadequae N/A Not Applicable
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15 May 190 TOP 1-2-610

DESIGN CHECKLIST

1Components ___ FASTENERS & CONNECTORS

HF Considerations Visibility & Identiflceation (Cont.)

IAbbreviation Vil

Detailed Oesign Considerations YES NO N/A Comment

45. Non-standard operating directions
are clearly marked.

46. Pins are siu.9 and color-coded to
avoid mismatch.

47. The manner of connection is ob-
vious.

C ,

YES =Adequate NO -~Inedequrte NI'A Not Applicable
B-276



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components FASTENERS & CONNECTORS

HF Considerations Use Conditions

AAbbreviation Use

Detailed Design Considerations YES NO N/A Comment

48. Internal grip head fasteners are not
usod when exposed to outside
elements (e.g., snow, ice, dirt).
(5.9.10.5.2)

49. Connectors are compatible with
cables, lines, fasteners and mount-
ing.

50. Connectors are easily reached by
user wearing bulky or restrictive
clothing.

51. Fastener heads are large enough to
be grasped and handled with arctic
mitts.

* 52. Fasteners used outside are operable
under all environmental conditions.

YES = Adequate NO Inadequate N/A : Not Applicable
B-277



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* Components FASf ENERS & CONNECTORS

HF Conslderatloria Operating Procedures, Safety

AAbbrevlation Op

Detailed Design Considerations YES NO IN/ A Comment

53. Connectors for handling toxic fluids
are incompatible with other con-
nectors within access.
(5.13.7.3.1)

54. All "hot" ccntacts are socket con-
tacts. (5.13.7.1.3)

55. Plugs and receptacles are such that
a plug of one voltage rating cannot
be inserted into the receptacle of
another voltage rating.
(5.13.7.1.2)

56. Caps, inserts, covers, cases, and
shields are provided where neces-
sary.

57. Removal of a plug or connector does
not expose "hot" leads.

YES = Adequate NO Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2.-610

DESIGN CHECKLIST

9 O13. HANDLES

Functionality Function B-280

Location & Arrangement .oc 8-282
Dire.-tion & Force Dir B-283

Clearance & Separation Clear B-28E
Visibility & Identification V., B-286

Use Conditions, Safety Use B-287
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15 May 1990 TOP 1-2.610

DESIGN CHECKLIST

Components -- H--- __ . ANDLES

HF Considerations Functio'nality

Abbreviation Function

Test Title

Test Project No. Date

Detailed Design Considerations YES NO N/A Comment

1. Non-fixed nandles (hinges, fuld-
outs, etc.) have a stop-position for
holding the handle perpendicular to
the surface on which it is mounied.
(5.9.11.5.3)

2. Non-fixed handles are capable of
being piaced into position by one
hand. (5.9.11.5.3)

3. Removaole and/or carried urils
are provided with handles or other
suitable means for grasping,
handling, and carrying,
(5.9.11.5.1)

4. Surface texture of hand mani-
pulated fuse controls maximizes
operator's grip. (5.9.11.5.4)

5. Handles are provided to remove
covers. (5.9.11.5.1)

6. Handles guard against inadvertent
control operation; protect meter
face; and are used as support,
standing, hanging, or locking de-
vices.

7. Handles, lugs, and push bars are
permanent parts of the equipment
case.

YES = Adequate NO Inadequate N/A Not Applicable
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18 May 1990 TOP I-2-610

DESIGN CHECKLIST

Componhnts HANDLES]

HF Conaideratians Functionality (Cant.)j

AAbbrevlation Function

Detal'9d Design Considerations YES NO N/A Comment

8. Hoist lugs are used if item weighs
over 150 lb. (68 kg)-

9. Hand-shaped handles are used for
items carried frequently or for
long periods.

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

IComporier~fu HAN DL ES

HF Canalderallonto Locatien & Arrangement

AAbbrevtofton Loc

Detailed Design Considerations YES NO NiA Comment

10. Handles and grasp areas ars located
relative to the center of gravity of
the unit. (5.9.11.5.2)

11. Handles are located so that lifting is
at a minimum distance from the
body.

1 2. Handles are on the front of an item
if it is pulled from a rack.

13. Handles do not interfere with
operating or maintaining an item.

14. Lift points or large items are
equidistant from the center of

is gravity.

S I

YES = Adnquate NO = Inedequate N/A Not Applicable
0 B-282



15 May 1990 'TOP 1-2-610

DESIGN CHECKLIST

Components HANDLES

HF Considerations Direction & Force

Abbreviation Dir

Detailed Design Considerations YES NO N/A Comment

1 5. Weight of item lifted by one soldier
conforms to weight limits in Table
XXIII in MIL-STD-1472D, condi-
tions A and B. (5.9,11.3.1)

16. Weight of item lifted by two
soldiers conforms to double the
weight limits in Table XXIII in
MIL-STD-1472D. (5.9.11.3.1)

17. Where three or more soldiers are
lifting simultaneously, not more
than 75% of the one-person value
is added for each additional lifter.
(5.9.11.3.1)

18. If the frequency of lifting exceeds
one lift in 5 minutes or 20 lifts
per 8 hours, permissible weight
limits in Table XXIII in MIL-STD-
1472D are reduced by (8.33 x
number of lifts per minute).
(5.9.11.3.2)

19. If the depth of a lifted object
exceeds 24 inches (610 mm) the
permissible weight in Table XXIII
in MIL-STD-1472D is reduced by
33%. (5.9.11.3.3)

20. If the depth of a lifted object
exceeds 36 inches (910 mm), the
permissible weight in Table XXIII
in MIL-STD-1472D is reduced by
50%. (5.9.11.3.3)

YES z Adequate NO Inadequate N/A Not Applicable
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15 Mlay 1990 TOP 1-2-610

DESIGN CHECKLIST

Co~mpon en ts HANDLFS

HF Considerations Direction & Force (Cont.)I

Abbreviation D..

Detailed Design Cons Ideratiorn YES NO N/A Comment

21. If the depth of a lifted object ex
ceeds 48 inches (1,2020 m), the
permissible weight in 'Table XXIHI
in MIL-STr-1472D is reduced by
66%, (5.9.11.3,3)

YE-=- -

YES = Adequate NO = Inadequate N/A Not Applicable
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IS May lg90 TOP 1-2-610

DESIGN CHECKLIST

S Componens HANDLES

HF Conslderatlons Clearance & Separation

Abbreviation Clear

Detailed Design Considerations YES NO N/A Commenit mI
22. Handles have at least 2 in. (50

mm) clearznce from obstructions.
(5.9.11.5.2)

23. Haidi3s on cabinets and consoles
are recessed wherever practicable.
(5.7.1,2)

24. If handles cannot be recessed, they
are designed so that they can
neither injure personnel nor en-
langle clothing or equipment.
(5.7.1.2)

25. Handle clearance and separation
conform to the requirements of
FIGURES 45 and 48 in MIL-STD-
1472D. (5.9.11.5.5)

26. Hoist lug has 4 in. (101 mm)
minimum clearance around lifting
eye.

27. Straps and buc;des do not interfere
with operation of an item.

YES = Adequate NO = Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components HANDLES

. HF C.oneld.railone Visibility & Identification

Abbreviation Via

Detailed Design Considerations YES NO N/A Comment

28. For mechanical power lifts and/or
hoists, lift points are provided and
labeled. (5.9.11.3.9)

29. Hand-grasp areas are identified.
(5.13.2.7)

30. Handles are color-coded to distin-
guish from similarly shaped items.

31. Handles are visible from the
grasping and lifting positions.

32. Hoist lugs are marked "Lift Here."

YES = Adequate NO Inadeqjate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

iComponents HANDLES

IHF Considerations Us Conditions, Safety

A b b roit ion Use

Detalled Design Considerations YES NO .N/A Comment

33. Handles accommodate arctic mit-
tens. (5.9.11.5.1)

34. Collapsible handles can be erected
while wearing arctic mittens.
(5.9.11.5.1)

35. Handles are reachable by 5th per-
centile personnel wearing bulky or
restrictive clothing.

36. Handgrips have non-slip surface.
(5.9.11.5.4)

37. Insulated handles are used on hot or
conductive items. (5.9.11.5.7)

38. Carried item will ride clear of the
legs of personnel.

39. Attachment screws of handles are
recessed.

40. Edges of handles are rounded.

YES = Adequate NO Inadequate NWA = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Sf 14. OPTICS

Functiunality Function k- 289

Location & Arrangement Loc B-292

Size & Shape Size B-293

Direction & Force, Separation Dir B-294

Visibility, Use Conditions, Safety Vis B-295

S B-288



15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

kC-,mponents OPTICS
HF Conalderatlone Functionality
Abbr.eviti.on Function

[Test Title
Test Project No. Date

Detailed Design Considerations YES NO N/A Comment

1. Adjusted illumination lev61 of il-
luminated reticle remains constant
under intended use conditions.
(5.11.3.12.4)

2. Built-in collimation is providpd
for field adjustment.
(5,1 1.3.18.4)

3. Eyecups are provided to maintain

proper eye relief, eliminate stray
light, and protect or cushion the
eyes and orbital region against im-

pact. (5.11.3.14.1)

4. Eyepiece focus adjustments over 4
power magnification are:
-4 to +2 diopters required,
-6 to +2 diopters desired.
(5.11.3.9.2)

5. Eyes do not have to adjust beyond
normal functional ability.
(5.11.3.2)

6. Field of view is compatible with
intended use and optical/mech-
anical limitations. (5.11.3.5)

7. Field cf view of illuminated reticle
is uniformly ilWuminated.
(5.11•.3.12.5.)

YES: Adequate NO= Inndequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

,Components OPTICS
HF Consideratlons Functionality (Cont.)

Abbreviation Function

Detailed Design Considerations YES NO N/A Comment

8. For instruments 4-power and less,
fixed focus eyepieces set between
-0.50 and -1.00 diopter are uti-
lized. (5.11.3.9.1)

9. Illuminated reticle does not use
blue light. (5.11.3.12.2)

10. Illuminated reticle has provision
for gradual dimming until light is
extinguished. (5.11.3.12.3)

11. Instrument magnification is suf-
ficient for the required operator
task. (5,11.3.4.1)

12. Instruments over 4-power have
eyepiece focus adjustments marked
in 0.5 diopter increments.
(5.11.3.9.2)

13. Line reticles are provided as op-
posed to those with 1, 2, or 3 cen-
tral spots. (5.11.3.11.3)

14, Magnification difference between
the two eyes is 2% maximum.
(5.11.3.13.3)

15. Optical instruments are oriented to
give the operator a comfortable
angle of view. (5.11.3.3)

16. Reticle provides a small cross or
circle as opposed to a dot.
(5.11.3.11.3)

YES = Adequate NO = inadequate N/A = Not Applicable
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15 May 1990 TOP 1.2-610

DESIGN CHECKLIST

Components OPTICS
H"F Considerations Functionality (Cont.)

AAbbrev ltion Function

Detailed Design Considerations YES NO N/A Comment

17. Weight of handheld binocular de-
vice does not exceed:
2.2 lb. (1.0 kg) preferred,
3.3 lb. (1.5 kg) max.
(5.11.3.13.6)

18. Where components require fre-
quent maintenance, provision is
made for storage of replacement
parts and special tools.
(5.11.3.18.6)

YES = Adequate NO : Inadequate N/A = Not Applicable

0 B-291



15 Mal, 1990 TOP 1-2-610

DESIGN CHECKLIST

Components ___________________OPTICS

HF Considerations Location & Arrangement

Abbreviation LOc

Detailed Design Considerations YES NO N/A Comment

19, Components requiring frequent
maintenance and frequently used
special tools are readily accessible.
(5.11.3.18.6)

20. Purging and charging fittings are
accessible for maintenance.
(5.11.3.18.5)

YES = Adequate NO Inadequate N/A = Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

rCom ponents _ _ _ _ _ _ _ __ _ _ _ _ __O 
PTICS

HF Cfnaldertllons Size & Shape

tSize

Detailed Design Considerations YES NO N/A Comment

21. Entrance pupil is equal to the
product of the magnification and the
exit pupil diameter. ,5.11.3.6)

22. Exit pupil diameter is:
Dylioht conditions
0.12 in. (3mm)
.Twilighl�o l igyht conditions
0,28 in. (7 mm).
(5.11,3.7.2, 5,11.3.7.3)

23. Exit pupil diameter is consistent
with intended use and size/weight
limitations. (5.11.3.7.1)

24. Eye relief for recoilless systems is
at least 0.6 in. (15 mm).
(5.11.3.8)

25. Eye relief for vehicle mounted
sights is at least 1.0 in. (25 mm).
(5.11.3.8)

26. Eyepiece and eyecup dimensions
conform to FIGURE 49 in
MIL-STD-1472D. (5.11.3.14.1)

27. Reticle line thickness for illum-
inated reticle subtends visual angle
of:
0.5 min. (150 microrad) min.,
2.0 min. (600 microrad)

preferred.
(5.11.3.12.6)

28. Reticle lines are thin enough not to
block targets and thick enough to be
easily seen, (5.11.3.11.1)

YES = Adequate NO I Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components OPTICS

HF Considerations Direction & Force, Separationj

Abbreviation DI

Detailed Design Considerations YES NO N/A Comment

29. Boresight knob locks do not require
more than 10 lb. (45 N) resis-
tance to lock and unlock.
(5.11.3.18.7.2)

30. Eyepiece separation for binocular
instruments is adjustable from 2 0
in. to 2.9 in. (50 to 73 mm).
(5.11.3.13.2)

YES = Adequate NO = Inadequate N/A Not Applicable

0 B-294



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components OPTICS
HF ConI.doratlons Visibility, Use Conditions, Safety

Abbreviat ion VI.

Detailed Design Considerations YES NO N/A Comment

31. Difference between the two eyes in
luminous transmittance is 5%
maximum. (5.11.3.13.4)

32. Magnification of rifle or pistol
right is 4 power maximum mon-
ocular or 8 power maximum
binocular. (5.11.3.4.2)

33. Eyecups and headrests are com-
patible with helmets, masks, aid
other personal equipment.
(5.11.3.14.3)

34. llMuminated reticle is provided for
use during twilight or night con-

• j• ditions. (5.11,3.12.1)

35. Optic components accommodate
arctic headwear, handwear.
(5.11.3.14.3)

36. Two eyepieces are used during low
light level viewing that exceeds one
minute in duration. (5.11.3.13.1)

37. There is no skin contact with metal
parts.

YES = Adequate NO = Inadequate N/A Not Applicable
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

0t 15. OPERATING ELEMENTS

Functionality Function B-297
Location & Arrangement, Size & Shap6 Loc B-299
Direction & Force D i r B-300
Clearance & Separation Clear B-301
Visibility & Identification Vis B-302

Use Conditions Use B-303
Safety Safety B-305
Operating Procedures CP B- 30
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15 May U090 TOP 1-2-610

DESIGN CHECKLIST

Components OPERATING ELEMENTS

HF Consideratilons Functionality

Abbreviation Function

Test Title _

"rest Project No. Dfe

Detailed Design Considerations YES NO N/A Comment

1 . Self-alignment devices are pro-
vided for remotely handled items.
(5.10.1.1)

2. Gunner ervironment minimizes
obscutation, shock. and vibration
to permit resumption of tracking
after firing, when applicable.
(5.11.2.1)

3. A single control, joystick, or ball
is used for two-dimensional track-
ing. (5.11.2.3)

4. Boresight knobs have positive lock.
(5.11.3.18.7.1)

5. Hoist points are provided for
mechanical lifting. (5.9.11.3.9)

6. Controls, vents, etc. are easily and
safely accessible during setup and
operation.

7. Tiedown points are accessible
before. during, and after transit.

8. Tiedown and handling points allow
free passage of line, cable, anrcior
hook.

9 Manual turet traverse travel :s
3600 and can be pilchk'd or canted.

_ _ _ - .a-

YES = Adequate NO - Inadequate N/A Not Appl~cable

1B-257



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components OPERATING ELEMENTS

HF Considerations Functionality (Cant.**

Abbreviation Function

Detailed Design Considerations YES NO N/A Comment

10. Loading elements are sized for load.

11. Weapon is operable under difficult
conditions of weather, clothing,
temperature, terrain, climate, or
illumination.

12. Power gun control system allows
selective use of manual or power
control.

13. Air-dropped items have quick
release capability.

YES = Adequate NO Inadequate N/A Not Applicable

B-298



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components OPERATING ELEMENTS

IHF Considerations Location and Arrangement, Size and Shape

AAbbrreovi at ion Loc

Detailed Design Considerations YES NO N/A Comment

14, Rifle and machine gun dimensions
conform to FIGURE 7-2 in MIL-
HDBK-759A(MI).

1 5. Trackir.g crank size is a fjnction of
rotation speed (200 rpm max.).
(5,11 .2,2)

16. Tracking crank radius for high
rpm is 2.2 in. (55 mm); for low
rpm it is 4.5 in, (115 mm).
(5.11.2.2)

YES = Adequate NO Inadequate N/A Not Applicable

B-299



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Cornpoi'nts OPERATING ELEMENTS

HF Considerations Direction & Force

-Abbrevietion UI0r

Detailed Design Considerations YES NO N/A Comment

17. Boresight knob lock resistance to
lock or unlock is 10 lb. (4.5 kg)
max. (5.11.3.18.7.2)

18. Triggers, safeties, and arming pins
need a positive force to operate and
are operable by 5th percen.ile
user.

19. Foot pedals rise from a depressed
position backwards and vertically.

20. Power controller has:
Backlash 0,
Dead band ± 20 (35 mrad),
Operating torque 5 lb. (2.3 kg),

21. Recoil or stress of field maneuver-
ing does not disturb bipod's ex-
tended/retracted setting.

"YES = Adequate NO = Inadequate N/A Not Applicable

B-300



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Compo nents OPERATING ELEMENTS

HF Considerations Cloarance & Separation

Abbreviation__ _ __ _ __ _ __ ___ _ __ _ __ _ __ _ _ Clear

Detailed Design Con3lderations YES NO N/A Comment

22. Units frequently pulled out of
insta!led position are mounted on
pullput racks, slides, or hinges.
(5.9.12.6)

23. Full hand and tool clearance is
provided at all fastening points.

24. Moving components have 2 in. (50
mm) hand clearance throughout
range.

25. Trigger guards, safety catches,
etc., aoccmrnodate gloved hands.

26. Retracted bipod cannot catch on
vegetation.

27. Lift and attachment points are
accessible and are equidistant from
center of gravity.

YES = Adequate NO = Inadequate N/A Not Applicable

B-30i



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

S .Components _ _-.OPERATING ELEMENTS

HF Considerations Vislbility & Identification

Abbreviation Vi3

Detailed Design Considerations YES NO N A Comment

28. Controls used only for maintenance
or adjustment are covered during
normal operation, but are acces-
sible and visible when required.
(5.4.1.3.6)

29. Tiedown points are visible for
checking.

30, Blind feed of hooks or cables is
avoided.

31. Tiedown or handling point is em-
phasized by contrasting color or a
label.

32. Opeiated elements are visible when
acceassed, especiai!y if hazards are
pres;ent.

33. Elements that are mated are color-
or shape-coded.

34. Settings can be verified in normal
firing position without moving
body/weapon, manipulating any
sight component, or counting of
visual/auditory cues.

YES = Adequate NO = inadequate N/A Not Applic,'ble

B-302



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components OPERATING ELEMENTS

IF Considerations _ _ _ _ _ _ _ _ Use Conditions

Abbreviation Use

Detailed Design Considerations YES NO N/A Comment

35. Power manipulators are provided
with positive stops. (5.10.3.1)

36. Joysticks used for tracking have
hand and wrist support.
(5.11.2.4)

37. Tracking control movement is
compatible with expected and
conventiona! control movements.
(5.11.2.5)

38. Operating eiements accommodate
arctic handwear. (5.4.1.6)

39. Foot controls are not used for pre-
cise adjustments. (5.4.1.8.6.2)

40. Knobs are used as opposed to
screwdriver for frequent adjust-
ment. (5.9.3.1)

41. Handwheels are knurled or in-
dented.

42. Weapons controls have distinctive
shapes and/or locations.

43. Sight-mount leveling vial supports
are strong en'•ough to prevent bub-
ble displacement.

44.. Parts cannot be assembled back,
wards

45. Weapon settings are immediately
obvious with iser in normal firing
position.

YES =Adequate NO Inadequate N/A Not Applicable

B-30J



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

O cornponn. its OPERATING ELEMENTS
HF Conslderationa Use Conditions (Cont.)

IAbbrevlation Use

Detailed Design Considerations IYES NO N/A Comment

46. Weapon controls are sturdy enough
so that normal field handling cannot
damage them.

47. Jack and hoist points are labeled.

48. Rate selectors, safeties, etc. are
clearly identified as to their posi-
tion.

YES = Adequate NO Inadequate N/A Not Applicable

B-304



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components OPERATING ELEMENTS

HF Considerations Safety

AAbbreviation Safety

Detailed Design Considerations YES NO N/A Comment

49. Internal controls are not located
near high voltage, rotating machi-
nery, or other hazards. (5.9.3.6)

50. Use of pullouts does not shift center
of gravity of item to the extent that
the entire rack console falls.
(5.9.12.6)

51. Rollouts are provided with limit
stops. (5.9.12.7)

52. Safety is operable without remov-
ing hand from weapon.

53. Any part of weapon that contacts
user's skin has thermal insulation.

54. Safety catches have a distinctive
shape and location.

55. Weapon ejects expended cases for-
ward and to the right.

56. Projections, edges, and corners
around tiedown or lift points are
rounded, padded or eliminated.

57. Electrical, thermal or mechanical
hazards near location where user's
hand must access are shielded.

58. Safety catches have positive action
and standard operation.

59. Mechanical operating parts are
guarded.

YES = Adequate NO = Inadequate N/A = Not Applicable

0 B-305



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components OPERATING ELEMENTS

HF Considerations Operating Procedures

Abbreviation Op

Detailed Design Considerations YES NO N/A Comment

60. Center of gravity and weight of
equipment is marked, where appli-
cable. (5.13.2.2)

61. Weight capacity is indicated on all
lifting equipment. (5.13.2.3)

62. Diagrammed instructions accom-
pany item to provide for adequate
tiedown.

63. Magazine loading is diagrammed if a
particular pattern is required.

YES = Adequate NO Inadequate N/A Not Applicable

B-306



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

0l 16. PACKAGING

onlens Abbreviation EA
Functionality Function 1--308

Location & Arrangement, Size & Shape Loc B-3 09

Direction & Force Dir B-3 10

Clearance & Separation Clear B-312

Visibility & Identification, Use Conditions Vis B-313

Safety, Operating Procedures Safety B-314

0 B-307



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* Components PACKAGING

HF Considerations Functionality

Abbreviation Function

Test Title

Test Project No. Date

Detailed Design Considerations YES NO N/A Comment

1. Guides, tracks, and stops are used
to facilitate handling. (5.9.7.4)

2. Special opening tools are avoided.
(5.9.10.1)

3. Stowage is available for individual
weapons, small-arms ammunition
rations, helmets, etc.

4. Stowage is available for rat ions.

5. Tools for opening are built-in or0 attached to containers.

6. Tools and devices that are carried,
fold or collaps'ce so that they require
minimum carrying space.

7. Small packages are sized for
packets and are relatively flat.

8. Catches and fasteners lock and un-
lock easily.

9. Tools, tabs, etc., are large enough
for full hand or finger grasp and
force application.

10. Tight-fitting stowage is avoided.

11. Sealed cans have integral opener
device, slrip, or tab.

1 2. Missiles are easily stowed in racks.

--- -a i

YES = Adequate NO x inadeqsiate N/A Not Applicable

B 8-308



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components - -__ PACKAGING

HF Considerations Location and Arrangement, Size & Shape

Abb rvit Ion Loc

Detailed Design Considerations YES NO N/A Comment

13. Accessibility of stowed equipment
reflects its function and use.

14. Stowage boxes are part of the
vehicle, rather than attachments to
it.

15. Cases are sufficienily larger than
the units they cover to minimize
the possibility of damaging wires
or other components when cases
are put on or taken off. (5.9.7.3)

0

YES = Adequate NO Inadequate N/A Not Applicable

B-309



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components PAKGN

HF Cond.a....rton Direction & Force

ALbbrevintlon D Ir

Detailed Design Considerations YES NO N/A Comment

16. Weight of item lifted by one soldier
conforms to weight limits in Table
XXIII in MIL-STD-1472D, condi-
tions A and B. (5.9.11.3.1)

17. Weight of item lifted by two
soldiers conforms to double the
weight limits in Table XXIII in
MIL-STD-1472D,(5.9.11.3.1)

18. Where three or more soldiers are
lifting simultaneously, not more
than 75% of the one-person value
is added for each additional lifter.
(5.9.11.3.1)

19. If the frequency of lifting exceeds
one lift in 5 minutes or 20 lifts
per 8 hours, permissible weight
limits in Table XXIII in MIL-STD-
1472D are reduced by (8.33 x
number of lifts per minute).
(5.9.11.3.2)

20. If the depth of a lifted object
exceeds 24 inches (610 mm) the
permissible weight in Table XXIII
in MIL-STD-1472D is reduced by
33%. (5.9.11.3.3)

21. If the depth of a lifted object
exceeds 36 inches (910 mm), the
permissible weight in Table XXIII
in MIL-STD-1472D is reduced by
50%. (5.9.11.3.3)

YES = Adequate NO Inadequate NIA Not Applicable

B B-310



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

,Components PACKAGING

HF Considerations Direction & Force (Cont.)

AAbbreviation D i r

Detailed Design Considerations YES NO N/A Comment

22. If the depth of a lifted object
exceeds 48 inches (1.220 m), the
permissible weight in Table XXIII
in MiL-STD-1472D is reduced by
66%. (5.9.11.3.3)

23. Missile rack latches are set for
quick release and have a 12 lb.
(5.4 kg) force maximum.

-- -t

YES = Adequate NO Inadequate N/A Not Applicable

B-31 1



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

e Components PACKAGING

HF Considerations Clearance & Separationi

A bb reviat Ion ClIe ri

-.. . .

Detailed Design Considerations YES NO N/A Comment

24, Bulkheads, brackets, or other units
do not interfere with opening or
removal of covers on units within
which work is done.(5.9.8.3)

25. Containers allow for full hand and
finger clearance when using open-
ing tool.

26. Gloved hand clearance is provided.

27. Vertically mounted missiles ex-
ceeding 40 lb. (18 kg) have floor
retainer with enough clearance for
95th percentile hand.

S

YES = Adequate NO = inadequate N/A Not Applicable

0 B-312



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

* [Components PACKAGING

HF Conslderations Visibility & Identification, Use Conditions

|Abbreviltion ViI

Detailed Design Considerations YES NO N/A Comment

28. Identification of package contents is
clearly visible.

29. Cases lift from units rather than
units lift from cases. (5.9.7.2)

30. It is obvious when a cover is in
place but not secured. (5.9.8.1)

31. Tabs and grasp points for opening
are clearly identifiable.
(5.13.2.7)

32. For cross-country operations,
items are secured in stowage boxes
or restrained by straps or brack-
ets.

* 33. The materiel remaining is easily
determined.

YES = Adequate NO = Inadequate N/A = Not Applicable

B-3 1 3



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components PACKAGING

HF Lonsldoratlonw _Safety, Operating Procedures

Abbreviation Safety

Detailed Design Considerations YES NO N/A Comment

34. Flammable items are stowed away
from engines, generators and ex-
haust pipes.

35. Edges and corners on covers and
cases are rounded or otherwise
finished to prevent personnel in-
jury.

36. Glass containers are avoided for
field use.

37. Labels warn of hazards and dangers
within case.

38. Plug-in components are used
where feasible. Incorrect installa-
tion of a plug-in unit is prevenied
by virtue of its size, shape, etc.

33. Orientation of a unit within its case
is obvious or labeled. (5.9.7.1)

40. Instructions for opening a cover
are permanently displayed if open-
ing is not obvious. (5.9.8.2)

41. Labels/markings tell how to open
and remove position covers and
cases.

YES = Adequate NO Inadequate N/A = Not Applicable

8-314



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

17. ACCESSES, COVERS & CAPS

Abbreviation

Functionality Function B-316

Location & Arrangement, Size & Shape Loc B-3 18

Direction & Force, Clearance & Separation D ir B -3 19

Visibility & Identification Vis B-320

Use Conditions use B-322

Safety Safety B-323

0 B-315



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components ACCESSES, COVERS& CAPS

HF Cons'dertelons Functionality

Abbreviation Function,[Tet Title

Test Project No. Del.

Detailed Design Considerations YES NO N/A Comment

1, Access covers are equipped with
grasp areas for opening.
(5.9.9.5.1.1)

2. An access is provided when fre-
quent maintenance would require
removing a case or cover or
dismantling a component.
(5.9.9.1)

3. Captive fasteners are used when
periodic removal is required.
(5.9.10.3)

"4. Covers which are not completely
removable are self-supporting in
the open position. (5.9.9.2)

5. Replaceable caps are of the captive
type. (5.9.14.13)

6. Sliding, rotating, or hinged units
open fully and remain in place
without hand support. (5.9.4.4)

7. Tha number of screws used to hold
accesses closed is minimized.
(5.9.10.4)

8. Sliding doors and caps lock posi-
tively,

9. Cover fasteners self-lock for clos-

ing with ani audible snap.

YES = Adequate NO Inadequate N/A : Not Applicable

"B-316



15 May 1990 TOP 1-2-610

OESIGN CHECKLIST

Components ACCESSES, COVERS & CAPSI

HF Conbldre'lons Functionality

Abbreviation Functionr

Detailed Design Considerations YES NO N / A Comment

10. Small covers hinge at bottom and
open down.

*

YES = Adequate NO Inadequate N/A = Not Applicsblu

B-317



15 Msy 1990 TOP 1-2.610

DESIGN CHECKLIST

* Components ACCESSES, COVERS & CAPS

HF Considerations Location & Arrangement, Size & Shape

Abbrevlstlon Loc

Detailed Design Considerations YES NO N/A Comment

11. Replaceable items are not placed in
a manner which makes them diffi-
cult to remove. (5.9.4.1)

12. Bulkheads and brackets do not in-
terfere with opening or removing
covers. (5,9.8.3)

13. Rubber stripping or sealing mate-
rial is located so user will not
damage it when the cover is re-
moved.

14. Access opening size and shape
conform to the reouirements of
FIGURE 45 in MIL-STD-1472D.
(5.9.9,5.1.2)

1 5. Caps are large enough to be handled
with gloves. (5.9.1.7)

16. Opening size allows adequate visual
access. (5.9.9.5.1)

17. Openings are large enough to per-
mit required operations.
(5.9.9.5.1)

18. Container opening is large enough
to allow full entry arid passage of
measuring utensils.

YES = Adequate NO= Inadequate N/A Not Applicable

B-31 8



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

*ompon.nta ACCESSES, COVERS & CAPS

HF Con.ideration. Direction & Force, Clearance & Separation

lAbbreviation Dirr

Detailed Design Considerations .YES NO N/A Comment

19. One soldier can lift cover.
(5.9.11.3.1.1)

20. Caps tighten clockwise and loosen
counterclockwise.

21. Latch cover requires positive force
to open.

22. Access is large enough to insert
arm, hand, tools, and!or test
equipment. (5.9.9.5.1.2)

23. Covers through which mounting
screws pass for attachment have
holes large enough to permit
screws to pass without perfect
alignment. (5.9.6)

24. Structural members of units do not
prevent removal of components.
(5.9.4.1)

25. Open covers do not interfere with
controls or displays.

In

YES = Adequate NO = Inadequate N/A = Not Applicable

0 B-31 9



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

jComponents ACCESSES, COVERS & CAPS

IMF Considerations Visibility & Identification

Abbreviation ViS

Detailed Design Considerations YESI NOEN/A Comment

26. Cover opening method is obvious or
instructions are displayed on out-
side of cover. (5.9.8.2)

27. Instructions are visible when ac-
cess cover is open. (5.9.9.3)

28. It is obvious when a cover is in
place but not secured. (5,9.8.1)

29. Labels and instructions are prop-
erly oriented when cover, case, or
door is open. (5.9.9.3)

30. Labels indicate function of units
behind enclosure access. (5.9.9.3)

31. Labels indicate how service equip-
ment is oriented or connected.
(5.9.9.3)

YES = Adequate NO Inadequate N/A Not Applicable

B-320



15 May 1990 TOP 1-2-610DESIGN CHECKLIST

* [Vompononta _____________,_ _ •ACCESSES, COVERS & CAPSHF Conelderntion. 
Visibility & Identfilcation (Cont.)

Abbreviation Vis

Detailed Design Considerations YES NO N/A Comment

32. Where visual access is required,
one of the following is provided
(most preferable first).

a) An opening with no cover except
where this might degrade
system performance.

b) A transpa'ent window if dirt,
moisture, or other foreign
materials might create a
problem.

c) A break resistant glass window
if physical wear, heat, or
contact with solvents would
otherwise cause optical deter.-
ioration.

d) A quick opening metal cover if
glass will not meet stress or
other requirements.

(5.9.9.6)

33. While operator performs tasks,
openings are largo enough for in-
ternal components to be visible.
(5.9.9.5.1)

YES = Adequats NO = Inadequate N/A Not Applicable

B -321



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

_omponeritsW ACCESSES, COVERS & CAPS
HF Conslderatlons Use Conditions]

Detailed Design Considerations YES NO I / A Comment

34. Allowance is made for gloved hand
in externally located access.
(5.9.9.4.1)

35. Equipmen! is capable of being
removed, replaced, and repaired by
personnel wearing personal and
special purpose clothing and
equipment, including NBC.
(5.9.1.7)

36. Openings provide access to fully
clothed and equipped 95th per.en-
tile male hand and arm dimensions.
(5.9.9.5)

37. Openings provide appropriate depth
of reach for fully clothed and
equipped 5th percentile females.
(5.9.9.5)

YES = Adequate NO = Inadequate N/A Not Applicable

B-322



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Componanis ACCESSES, COVERS & CAPS

HF Consideratlons Safety

AAbbreviation Safety

Detailed Design Considerations YES NO N/A Comment

38. Accesses are labeled with warning
signs which identify hazards within
and precautions needed. (5.9.9.3)

39. Where a hazardous condition exists
behind an access, access is equipped
with an interlock that de-energizes
the hazardous equipment when
opened/removed. (5,9.9.5.1.5)

40. Accesses over dangerous mech-
anical or electrical components
have an internal light and a warn-
ing on door. (5,13.5.3)

41. Edges and ccrners on covers and
cases are rounded to prevent in-
jury.

42. Pressurized caps are captive.

YES = Adequate NO Inadequate N/A . Not Applicable

B-323



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

18. MEASURES

Conteints •ALktlwJqn Em
Functionality Function B-325

Location, Clearance, Visibility Loc B-327

B-324



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

'Components MEASURES___

HF Considerations Functionality

Abbreviation Funcion

Teat Title

Test Project No. Date

Detailed Design Considerations YES NO NiA Comment

1. Display precision and response is
consistent with that of system,
(5.1-1.3)

2. Information is directly usable.
(5.2.1.3.3)

3. Scales on measures:
a) Are linear.
b) Start at 0.
c) Use whole numbers.
d) Have 2 pointers max.
e) Numerals are oriented upright.
(5.2.3.1.4/5)

4. !nformation is limited to that nec-
essary to take action.
(5.2.1.3.1)

5. Canteen CLIp is usable as standard
or emergency measuring device for
field use.

6. Field items are non-corrosive and
are easily cleaned or disposed of.

7. For group use general formulas for
computation are given.

8. Item container can be used for
measuring where possible.

YES = Adequate NO I Inadequate N/A Not Applicable

0 B 326



15 May 1990 TOP 1-2.610

DESIGN CHECKLIST

Components MEASURES

HF Consideration. Functionality (Cont.)

Abbrevlstion Function

Detailed Design Considerations YES NO N,'A Comment

9. Minimum number of measuring
devices is used.

10. Specified measuring amounts are
consistent with measuring device.

S0

YES = Adequate NO Inadequate N/A = Not Applicable

B-326



'15 Ma 1490 TOP 1-2-610

DESIGN CHECKLIST

Lomlrpnents "-MWEASUR-J

HF Conalderdtlons Location, Clearance, VisibibPiy

, br#vetl .n Loc

Detailed Design Cons•derations YES NO N /A Commnt

1 . Display arrano.ement is consistent
from one application to another.
(5.2.1,4.10)

1 2. Containers allow for fu!l hand and
finger cledrance when using open-
ing tool.

13. Display viewing distance ,s 13 to
25 in. (330 to 635 rm).
(5.2.1.4.11/12)

14. Measuring marks and displays are
located so they cpn be read to the
required accuracy. (5.2.1.4.1)

15. Ieflections are minimized.

(5.2.1.4.4)

16. Measurement marks are raised.

17. Measures are cleary detailed.

18. Measuring marks on opaque con-
lainer3 are placed inside.

S

YES = Adequate K10 Inadequate N/A Not Applicable

B-327



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

19. REPLACEABLE UNITS

Fu n,rtionadty Function B-329
Location & Arrangement Loc B-3 31
Clearance & Separation Clear B-332
Visibility & Idenlitication Wis B-333
Safety Safety B-334

B .328



15 May 1990 TOP 1-2-610
DESIGN CHECKLIST

O Compo~iente ____ ___ REPLACEABLE UNITS

HF Considerations ______________ ____Functionality

Abbreviation FunctionJ

T~s3t Title

Test Project No. Date

Detailed Design Considerattons YES NO N/A Comment

1. Blind screwdriver adjustments
have mechanical guides. (5.9.3.2)

2. Common htwid tools are provided for
field units. (5.9.12.2)

3. Faulty equipment is easily detected
and quickly removed/rep&ired us..
ing standard parts or nodules.
(5.9.1 .6)

4. Grasp areas are provided on car-
ried units. (5.911.5.1;

5. Guide pins, rollout racks, inter-
locks, drawers, hinges, or quick
disconnects aid removal and re-
placement. (5.9.12.4/6/8)

6. Item does not have tc be disas-
sembled to lubricate.
(5.9.5.1)

7. It1rm failure is indizated or alarm-
ed. (5.9.17.1.2)

8. Lamps ara replaceable with power
ori. (5.2.2.1.16)

9. Remote handiing devices aro :.om-
patible and have quick diswonnects,
captive fasteners, and feedback.
(5.10.1.1/2/2) I

YES = Adequate NO Itadequate N/A Not Applicable

B-329



1s May 1990 TOP 1-2-610

DESIGN CHECKLIST

C omponents REPLACEABLE UNITSI
HF Conviderstions Functionality (Cont.)

,Abbreviation _Function'

Detalled Design Considerations YES NO N/A Commont

10. Similarly shaped items with dif.
feren' functions are not inter-
changeable. (5.9.2.2)

11. Similardy shaped items with dif-
lerent functions have standard

orienitation. (5.9.2.2)

1?. Units that are pulled out of item
are mounted on rollout racks,
slides, or hinges. (5.9.12.6)

YES = Adequate NO Inadequate N/A Not Applicablo

B-330



15 May 1990 TO0P 1-2-610

DESIGN CHECKLIST

Componeatt. REPLACEAEý,LE UNITS'

HF Con3ideratlans Location & Arrangement

Abbrovlatlon ,_c

Detailed Design Considerations YES NO Comment

13. All tire valves are accessible.
(5.12.9.2.1)

14. Fuses are easily accessible.
(5.9.17.2.2)

1 5, Parts are mounted on one plane, not
stacked. (5.9.2.1)

1C. Repiaceable units are realily ac-
cessiole. (5.9,29/10)

17, Replaceatle units remain "open'
withcut support anid are well iaid

out. (6.9.12.9/10)

1 8. Fill p)ints and drains are reachable
by 5#h perceitile personnel wear-
ing restrictive or bulky cbothing.
(5.S.1,8)

19. Vehicle drain valves, fuel/oil fil-
ters, dWtributors fue! injectors,
fan belts, etc. are accessible for
inspection/replacement.
(5.12.9.1.1/2/3)

L. ........ ________
YES 4 Adequate NO Inadequate NIA = Not Applicable

B-33i
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components _____REPLACEABLE UNITS

HF Conulderailone Clearance & Separation

Abbreviation Clear

Detauled Design Considerations YES NO N / A Comment

20. Check points, test points, con-
nectors, and labels are accessible
during maintenance. (5.9.4.3)

21. Enough clearance is provided to
replace parts without contacting
hazards. (5.9.4.3)

22. Large parts do not prevent access to
other parts. (5.9.4.2)

23, Simple indicator lights have clear.
ance for easy bulb replacement.
(5.2.2.3.2)

YES = Adequate NO Inadequate N/A Not Applicable

B-332



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

ICompononta REPLACEABLE UNITS

HF Considerations Visibility & Identification

Abbroviation Vie

Detailed Design Considerations YES NO N/A Comment

24. Battery terminals are marked
"+ (5.12.9.1.4)

25. Components are visible from
maintenance position. (5.9.9.6)

26. Fuses are labeled/rated.
(5.9.17.2.3)

27. Grasp areas are identified.
(5.13.2.7)

28. Labels are provided for hoist, jack,
and lift points; center of gravity;
"no-step"; and weight of item.
(5.9.11.3.9)

29. Lubrication points are labeled as to
type and frequency. (5.9.5.2)

30. Parts, components, circuits and
assemblies are meaningfully label-
ed. (5.5.6.1.1)

31. Reference scales are readily visi-
ble. (5.9.3.3)

32. Replaceable items are coded/keyed.
(5.9.12.5)

33. Similarly shaped items with dif-
ferent functions are easily identi-
fied. (5.9.2.2)

34. Maintenance points contrast with
background.

YES = Adequate NO Inadequate N/A = Not Applicable

B-333



15 May 19740 TOP 1-2-610

DESIGN CHECKLIST

Components REPLACEABLE UNITS

HIF Conuiderations Safety
IAbbrevlation Safety

Dota;led Design Considerations YES NO N/A Comment

35. Delicate parts are protected.
(5.9.2.3)

36. Fuel service equipment has auto.
matic shutoff device. (5.13.7.3.2)

37. Positive and negative battery ter-
minals are different sizes.
(5.12.9.1.4)

38. Hazards are conspicuously plac-
arded. (5.13.2.1)

39, Internal controls located near ro-
tating parts, high voltages, or
other hazards are shielded.
(5.9.3.6)

40. Sensitive adjustments are guarded
and hand support is provided.
(5.9.3.5)

41. Stops are provided for rollout
racks and the center of gravity does
not shift to the extent that the
console topples. (5.9.12.6/7)

42. Units can be accessed without dan-
ger from heat, moving parts, elec-
tricity, chemicals, and/or radia-
tion. (5.13.5.2)

YES = Adequate NO Inadequate N/A Not Applicable

B-334



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

20. TEST ELEMENTS & TOOLS

Functionality Function B-336

Locaiion & Aki'angernent, Size & Shape, Clearance LUc, B .337

Visibility & Identification Vis B-338

Use Conditions Use B-339

Safety, Operating Procedures Safety B- 34 1

0 B-335



15 Moy 1990 TOP 1-2-610

DESIGN CHECKLIST

* Components TEST ELEMENTS & TOOLS
IHF ConsderstloIs ......- Functio~nalityi

Abbrvl _tlon ,__ _ _ _ _,_Functl on

Test Title

Tost Project No. Dots

Detailed Design ConolderatLons YES NO N/A Comment

i. Lamp test circuits are incor-
porated. (.5.2.21.14)

2. Calibration and adjustment con-
trots with limited modion have
mechanical slops to prevent dan..
age. (5.9.3.4)

3. Indication of equipment power fail-
ure is provided. i5.9.17.1.1)

4. Display is provided to show equip-
ment that is out-of-tolerance or
has failed. (5.9.17.1.2)

5. Positive indication of an open fuse
is provided. (5.9.17.2.1)

3. Electrical potentials over 300V are
stepped down for iest points.
(5.1 3.7.1.7)

7. Test points and built-in meters are
used to isolate failed unit or mod-
ule

8. Tools are provided with rings or
eyes compatible with quick release
snaps or hooks on tool belts.

9. External test points are of the jack
terminal design; internal test
points ate of the stand-off terminal
design.

YES = Adequate NO = Inadequate N/A Not Applicable

B-336
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15 May 1990 TOP 1-2-6:0

DESIGN CHECKLIST

Components ___________ TEST ELEMENTS & TOOLS
HF Considerations Location & Arrangement, .... e & Shae, Clearance

AAbbreviation Loc

Detailed Design Consideratlons YES NO N!A Comment

10. Test points for adjustment are

close to the controls or displays
used. (5.9.15. 1)

11. Test equipment either fits the hand
or has handle or hand support.

12. For reaching test points limiting
body dimensions are based on 5th
percentile user. (5.6.1)

13. Large parts are not mounted to deny
access to smaller ones. (5.9.4.2)

14. Sufficient space is provided for test
equipment or tool use. (5.9.4.3)

0 15. Access to unit maintained by orne
technician does not require re-
moval of one maintained by anoth-
er, (5.9.4.7)

16. Cables terminating on control/
display panels do not interfere with
controls/displays. (5.9.13.4)

I- - I ... rJ

YES = Adequate NO = Inadequate N/A Not Applicable

B-337



15 May 1990 T7P 1-2-610

DESIGN CHECKLIST

Components TEST ELEMENTS & TOOLS$

IHF Conalderalon. ________ VianbilIty_' Id ;Wf •c -nat I
A bbIrIIviat I o - - - Vsi

Detailed Design Considerntloits YES NO N /A Comment

17. Mechanical guides are provided
whern a screwdriver adjustment
must be m3de without visual ac-
cess. (5.9.3,2)

1 8. Test equipmernt adjustments, check
points, caoles, connectors, and/or
labels are visible during maintun-
ance. (5.9.4.3)

19. Contacts, terminals, etc. over
500V are clearly labeled.
(5.13.7.1.4)

20. Test eauipment has panel lighting.

21. Test points are permanently label-
ed and color-coded.

22. A simple check shows when equip-
ment is out of calibration.

YES = Ad3quaie NO = Inodequate N/A = Not Applicable

B-338



TOP 1-2-610
DESIGN CHECKLIST

components TEST ELEMENTS & TOOLS]

HF Considerations Use Conditions

•Abbreviation Use

Dethiled Design Considerations YES NO N/A Comment

23. Lamp replacement is possible with
power on and from panel front.
(5.2.2.1.15/16)

24. Special tools required for adjust-
ment are with equipment.
(5.9.1.2)

25. Knobs are preferred to screw-
drivers for frequent adjustment.
(5.9.3.1)

26. Reference scale is provided for
control adjustment. (5.9.3.3)

27. Sensitive adjustment points have a
handrest or armrest nearby if
vibration is present during adjust
ment. (5.9.3.5)

28. Sensitive adjustment points arp
guarded against accidentai disturb-
ance. (5.9.3.5)

29, Test points are accessible.
(5.9.4.3)

30. Special tool use is minimized.
(5,9.12.2)

31. Items frequently removed for test
are mounted on rollout racks,
slides, or hinges. (5.9.12.6)

32. B.aces hold hinged assemblies in
working position. (5.9.12.9)

33, Cables are long enough to check
unit in place. (5.9.13.3)

YES = Adequete NO = Inadequate N/A Not Applicable

B-339



15 M&% 1990 TOP 1-2-610

DESIGN CHECKLIST

OComponents TEST ELEMENTS & TOOLS

eHF Consideratlor.s Use Conditions (Cont)

Abbreviation Use

Detailed Design Considerations YES NO N/ A Comment

34. Sufficient test points are provided
to prevent removing subassemblies
for testing. (5.9.15.2)

35. Adequate storage is provided in
portable test equipment case or lid
to contain leads, probes, spares,
m3nuals, or tools. (5.9.16.1)

36. Quick-release removal is provided
for optics. (5.11.3.18.3)

37. Test points reflpct the sequence for
scqjentia! testing.

38. Stands or casters are provided for
equipment exceeding 30 lb. (13.6
kg); wheels or hois's are provided
for equipment exceeding 90 lb.
(40.8 kg),

39. Test equipment is not overly
complex or difficult to use.

YES = Adequate NO Inadequate N/A Not Appllkablc

B-340



15 May ltO0 TOP 1.2-610

DESIGN CHECKLIST

compo~nents _____TEST ELEMENTS & TOOLS

HF Conalderatlon'i Safety, Operaling Procedurqs

Abbroviation Safety~

Detailed D;slgn Considerations YES NO N/A Comment

40. Internal controls located near
hazards aw'e shielded and labeled.15.9. ". 6)

41. Rollout racks do not shift the
center of gravity to the extent that
the console topples. (5.9.12.6)

42. Tools and/or test leads used near
high voltages are insulated.
(5.13.7.1.1)

43. (ontacts and terminals are shielded
with suitable protective measures
to prevent accidental contact.
(5.13.7.1.4)

44. Electrical hand-held tools have 3-
wire power with groknd or are
double insulated. (5.13.7.1.6)

45. Exposed surfaces of electrical
hand-held tools are nonconducting
or grounded. (513.7.1.6)

46. Operating instructions for portable
test equipment are affixed to unit,
lid, or compartment. (5.9.16.2)

47. Calibration reminder is included
with test instructions. (5.9.1b.2)

-J

YES Adequate NO = Inadequate N/A Not Applicable
B-341



15 May 1490 TOP 1.2.610

DESiGN CHECKLIST

21. CLOTHING & PERSONAL EQUIPMENT

C2012131 A~brykajll

GENERAL CLOTHING & PERSONAL EQUIPMENT -

Size & Shape Size B-343

GENERAL CLOTHING & PERSONAL EQUIPMENT-
Direction & Force, Operating Procedures Dir e-345

BO'YWEAR Body W D-346

HEADWEAR ••e W B-347

HANDWEAR Hand W B-349

FOOTWEAR Fool W B- 350

PERSONAL EQUIPMENT Pers 6-351

COMBAT HARDWARE Combat H B-352

0
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15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

'Components GENERAL CLOTHING St PERSONAL EQUIPMENT
SHF Considerations Size & Shape

Abirevitlltl Size

Tet Title t
•Test Preject No. Date

Detailed Design Considerations YES NO N/A Comment

1. Clothing, headwear, hanawear,
footwear, sleeping gear, and equip-
ment is sized for personnel within
the 5th to 95th percentile per
FIGURES 23 to 28 in MIL-STD-
14720. (5.6.3.5)

2. Essential and critical clothing, etc.
is sized for personnel within the
1st to 99th percentile per FIGURES
23 to 28 in MIL-STD-1472D.
(5.6.3.5)

3. The size and shape of the article of
clothing, handwear, sleeping gear,
combat hardware, and load carry-
ing devices allows for use by 90%
of the user population under the
following conditions-

a) Tasks to be performed by the
wearer.

b) The position of the body during
the performance of tasks.

c) Mobility/flexibility
requirements.

d) Critical dimensions imposed by
obstacles, projections, etc.

e) Critical dimensions imposed by
protective clothing, equipment,
package, lines, padding, etc.

(5.6.1)

.i a , - - ,=~.•,,•=

YES = Adequate NO = Inadequate N/A Not Applicable

B-343



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

*Components GENERAL CLOTHING & PERSONAL EQUIPMiNT

HF Considerations Slys & Shape (Cant.)

Abbrc viatiori Size Si._•o.,.,.,-o - s'- ,co

Detailed Design Considerations YES_ NONA Comment

4. Ponchos are fitted only for length,
but must be large enoughi to cover a
fully equipped man.

- -J

YES = Adequate NO = Inadequate N/A -. Not Applicable

B-344



IS May 1090 TOP 1.2-610
DESIN CHECKLIST

___._""_ •GEiIE-RAL CLOTHING & PERSONAL E•UPMENT

MF CnsMiraion Dirsction 4Force, Opgratlng Procedu res
A bbra via! on Di1r

Detailed Oesign Considerations YES NO NIA Comment

5. lndividual portions of equipment do
no' weigio more than 35 lb. (16
kg). (5.11. 1 1.'1)

6. The total load carried by an
individual, including clothing,
weapons and equipment for close
combat operations does not exceed
30% of body weight, (5.11.1.2.2)

7. The tota! load carried by an
individual, incluoing ;,lothing,
weapons and equipment does not
gxceed 45% of body weight.
(5.11.1, .2.2)

8, For 5th percentile personnel, total
load for close combat operations
does i•o exceed 36 lb (16.3 kg).
(5.11.1,2.2)

9. For 5th percentile personnel, total
load for marching does not exceed
54 lb (24.5 kg). (5.11.1.2.2)

10. Special use instructions are per-
manently attached. (5.5.4.5)

YES = Adequate NO = Inadequate N/A Not Applicable

B-345



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components BODYWEAR

IHF Censlderstions Functionality, Use Conditions

Abbreviation Body W

Detailed Design Considerations YES NO N/A Comment

11. Ponclhos and large protective gar-
ments cover packs, weapons.
(5.6.1)

12. Protective clothing fits snugly at
openings. (5.6.1)

13. Fasteners open and close silently.

14. If snagging or catching will jeo-
pardize wearer, then velcro,
snaps, or other quick-release fas-
teners are used.

15. Items are of a dull finish and are
non-reflecting.

16. Clothing worn with full combat
gear does not degrade performance
in any combat task.
(5.6.1)

17. Protective clothing is adaptable to
various camouflage requirements.
(5.6.1)

18. Protective clothing used in cold
weather remains supple and does
not stiffen.

YES = Adequate NO = Inadequate N/A = Not Applicable

B-346



15 May 1990 7OP 1-2-610

DESIGN CHECKLIST

Components HEADWEAR

0 HF Consideratlons Functionality, Size & Shape

Abbrevat°ion Head W

Detailed Design Considerations YES NO N / A Comment

19. Headgear allows adequate vision,
eating, or drinking when in use.
(5.6.1)

20. Headgear allows use of binoculars
or telephones or aiming/firing of
weapons without removal and
loosening. (5.6.1)

21. Inside of face plates is fog resistant
or is easily opened and cleaned.

22. Adjustments accommodate the full
range of head sizes. (5°6.3.4)

23. Combat headgear fits securely to
prevent tilting or knocking askew

* during strenuous action.

24. Protective headgear is large enough
to fit over helmet or thin enough to
fit under helmet, whichever is the
case.

YES Adequate NO = Inadequate N/A Not Applicable

B-347



15 Mmy 1990 TOP 1-2-610

DESIGN CHECKLIST

Components ______ __ _HEAD WEAR

HF Constd.r,,n. .. ...... Safety,

Abbrevlatlon Head WI

D)etalled Design Considerations YES NO N / A Comment

25. Headgear is compatible with hear-
ing protection.

26. Facepiates and eyepieces are shat-
terproof.

27. Headgear which involves electrical
equipment is non-conductive.

28. Safety helmets are shatterproof.

0

YES = Adequate NO = Inadequate N/A = Not ApplIcable

B-348



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

*Componeonts HANDWEAR
H .F Considerations Functionality, Size & Shspe, Use Conditions

Abbrevi at lor- Hand W
- --- .M

Detailed Design Conslderatliors YES NO N/ A Comment

29. Handwear is flexible and supple tor
performance of combat tasks.
(5.6.1)

30. In the event handwear is not flexi-
ble, etc., alternative protection is
provided. (5.6.1)

31, Waterproofed items have vent-
ilation. capability. (5.6.1)

32. Wrist buckles are adjustable with
mitten or glove on. (5.6.4)

33. Gloves, mittens, etc., are large
enough so that fingers are net
cramped and flexibility of hand is
not impaired. (5.6.3.5)

34, Cold weather handwear fits snugly
at wrist.

35. Anti-ccntact gloves provide pro-
tection and allow manipulation.
(5.6 1)

36. Arctic mitten liners allow detailed
work when required without ex-
posing hand or wrist. (5.6.1)

37. Mitten for weapon use allows single
finger use but not artic exposure
of finger. (5.6.1)

38. Outside of handwear, shells blend
with standard camouflage.

VFS r Adequate NO Inadequate N/A Not Applicable

0 B-349



15 may 1990 TOP 1-2-610

DESIGN CHECKLIST

C.mponents FOOTWEAR

HF Considerations Use Conditions, Safety

Abbroviation Foot W

Detailed Design Considerations YES NO N / A Comment

39. Shoes and boots are compatible
with foot controls. (5.6.1)

40. Footwear size allows for expansion
due to heat or load carrying.
5.6.1)

41. Combat footwear design a0!ows user
to climb and perform tasks with
minimum of slipping, etc. (5.6.1)

42. Boots are compatible with skis and
snowshoes. (5.6.1)

43. Soles of boots and shoes are slip-
resistant. (5.6.1)

44. Shoes and boots used around heavy
equpment have rigid "safety" toe.

45. Electrically heated socks cannot
shock wearer, especially when wet.

YES = Adequate NO Inadequate N/A Not Applicable

B-350



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components _ __ PC'RSONAL EQUIPMENT

HIF Considerations Functionality, Use Conditions

Detailed Design Considerations YES NO N/A Comment

46. Air mattresses are provided with
easy-to-use patch kit.

47. Bag liners are provided for ease of
cleaning.

,8. Bags are easily turned inside out
Tor airing and cleaning.

49. Bags have self-contained ties and
wraps.

50. Snapped bags have quick re~ease
capability.

51. Zippered bags have both internal
and external zipper tags.

S52. Sleeping bags are designed to elim-
inate any possibility of accidental
suffocation.

53. Sleeping gear is not excessively
bulky when rolled or packed.

54. Zippers and fasteners operate qui-
etly.

55. Inside and outside of bags, iiners,
and covers are daik, dull colors.

56. Sleeping bags used in snow have
white exterior.

YES = Adequate NO Inadequate N/A Not Applicable

B-35 1



15 Mey l490 TOP 1-2-610

DESIGN CHECKLIST

O eCompora..nts ___ COMBAT ,ARDWARE
F HF Conliderations Functionality

A bh rev, ati on Combat H
i-

Detailed Design Considerations Y No N I A Comment

57. Adjustments can be accomplishedI
while item is worn. (5.6.3.5)

5e. Rackpacks do ,iot:
a) Produce unbalanced loads or

shoulder strain.
b) Interfere with walking, climb-

ing, shoulder movement, or
body temperature rejulation.

(5.11.1.2.4)

52. In thn case ni i'NO-scldier carry-
ing, stretcher-type handles and
shoulder supports are provided.
(5.1 1.1.1.4)

60. Individual items weigh as little as
possiblo. (5.11.1.2.1)

61. Maximum ujse is made of staodard
Ioad-carryig aevices.
(5.11.1 1,5)

62. Carry~ng cases are weather proof.

63. Gas mask and goggles are usable
with helmet.

64. Matb1ial of load-carrying devices
is mildew, rot, and rust proGfed.

65. Metal components are rustproof
and corrosion-resistant,

66. Pack-carried items fold or co!lapse
to take up minimum space.

67. Replacement of expendable com-
ponents is done without tools.

YES Adequate NO = inadequate N/A Not Applicable

B-352



15 May 1190 TOP 1-2-610

DESIGN CHECKLIST

Components COMBAT HARDWARE

IPHF Consdsratlons Location & Arrangement, Size & Shape

Abblrevlation Combat H

Detailed Design Considerations YES NO N/A Comment

68. Backpacking aids are designed to
distribute the load over as many
muscle groups as possible.
(5.11.1.2.4)

69. Backpacking aids place the load's
center of gravity as close to the
carrier's spine as possible.
(5.11.1.2.4)

70. Load carriers have balanced load-
ings. (5.11.1.2.4)

71. A single-size device can accom-
modate smallest user in tropic
clothing to the largest user in cold
weather clothing. (5.6.1)

0 72. Arctic ciothing fits 5th-95th per-
centile personnel. (5.6.4)

73. Equipment handles for mitteried,
gloved or bare hand use oonforrs
the size requirements of FIGN,3E
48 in MIL-STD-1472D.
(5.9.11.5.5)

74. Gas masks, goggles, and life
preservers are adjustable on per-
sonnel and fit snugly. (5.6.3.4)

YES = Adequate NO = Inadequate N/A Not Applicable

B-353



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

Components COMBAT HARDWARE1

NHF Conliderations Direction & Force]

Abbreviation Combat HJ

Detailed Design Considerations YES NO N/A Comment

75. Individual portions of equiprnent
may weigh up tW 35 lb. (15 kg) if
load.•s4-balanced and well distrib-
utedlof If it is not necessary to
mainthnpace of infantry.
(5.11.1.1.1)

76. Load-carrying minimizes applica-
tion of pressure/compression to
the chest and armpits to transmit
weight to the ground through bone.
(5.11.1.2.4)

77. Marching load is 54 lb. (24.5 kg)
maximum. (5.11.1.2.2)

78. One-person backpacked loads over
44 lb. (20 kg) are provided with
lifting aids for assistance from
second soldier. (5.11.1.2.3)

79. Rifleman's fighting load is 40 lb.
(18 kg); other than fighting, 65
lb. (20 kg).

YES = Adequate NO Inadequate N/A : Not Applicable

B-3,4



15 lsy 1990 TOP 1-2.610

DESIGN CHECKLIST

0 Components COMBAT HARDWARE

IF Considerations Visibility, Use Conditions

IAbbrevlation Combat H

Detailed Deslgn Considerations YES, NO IN/A Comment

80. Eye and face coverings afford max-
imum vision and hea, ing to wearer.

81. Survival items are brightly color-
ed.

82. Combat hardware items of suf-
ficient size and weighi to interfere
with balance have proper place-
ment and type uf attachment.

83. For rough terrain and climbing,
heavy load-carrying items are
anchored at or near the bottom.

84. Loose straps, chains, and other
noise-producing elements are
covered and anchored to reduce
noise.

IYES = Adequate NO Inadequate N/A Not Applicable

B-355



15 May 1990 TOP 1-2-610

F'ESIGN CHECKLIST

*Components COMBAT HARDWARE

HFP Considerations Safety

Abbreviation CombatH

r0etalled Design Considerations YES NO N/A Comment

85. Heavy load items have quick release
capability tor doffing in an emer-
gency. (5,11.1)

86. Load permits freedom of move-
ment and has no sharp edges or
projections. (5.1 1.1.1.3)

87. Loads have minimum projections to
prevent personnel injury or en-
tanglement in undergrowth.
(5.11.1.2.5)

88. Sharp edges are adequately covered
during portage. (5.11.1.2.5)

89. The carrying and wearing of
emergency items does not interfere
with required combat task per-
formance. (5.11.1.1.3)

90. Emergency items are accessible at
all times.

91. Faceplates and optics are shat-
terproof.

YES = Adequate NO Inaoequate NIA Not Applicable

B-356



15 May 1929 TOP 1-2-610

DESIGtJ CHECKLIST

* 22. STRUCTURAL COMPONENTS

G001131 Abbr1vintlliDD
Functionality, Size & Shape Function B-358
Clearance & Separation Clear B-359

Visibility & Identification Vis B-360

Safety Safety 6-361

0

0 B-357



15 Mmy 1990 TOP 1-2-610

DESIGN CHECKLIST

Components STRlIUCTURAL COMPONENUS

NF Conmli*vettons Functionality, Size & Shape

Abbrovvian. ....n Function

Test Title-- --

Test Project No. Do.to

Detailed Design Considerations YES NO N/A Comment

1. Connection, lifting, and test points
are easily reached before nnd after
mating with other components.
(5.9.1.3)

2. For mechanical or power lift de-
vices, hoist and lift points are pro-
vided and labeled. (5.9.11.3.9)

3. Operating, mechanical, and/or
electrical components are tested
prior to assembly.

4. Components are sized and shaped to
be handled by arctic mitts.
(5.9.1.7)

5. Component shape is such that its
connection method is obvious.

6. Component size and shape are de-
termined by environment, (e.g.,
jungle, slope, swamp, etc.).

YES = Adequate NO lnadcduate N/A = Not Applicable

B -358



15 May 1990 TOP 1-2-610

DESIGN CHECKLIST

rComponents STRUCTURAL COMPONENTS

HF Conaelderatsons Clearance & Separation

Ab b reviat Ion Clear

Detailed Design Considerations YES NO NIA Comment

7. Clearance is such that components
can be removed/replaced quickly
and easily.

8. Components are well-spaced both
during and after erection so that
the hand and tools can be easily in-
serted and efficiently utilized.

9. Components requiring replace-
ment, adjustment, and calibration
are accessible during erection.

-_______________ .... LL L._ _____

"YES - Adequate NO Inadequate NA Not Applicable
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DESIGN CHECKLIST

0 Components STRUCTURAL COMPONENTS

HF Considerations Visibility & Identification

Abbreviation Vis

Detailed Design Considerations YES NO NA /A Comment

10. Blind attachments are avoided
whenever possible. (5.4.1.7)

11. Connectiorn/test points are labeled.
(5.9.15.3)

12. Each assembly, component, and
part is labeled or identified.
(5.5.6.1.1)

13. Sequence of assembly is clearly
defined and accompanied by illus-
trations/diagrams. (5.5.1.1)

14. Minimum assembly visibility re-
quirements are:

30 ft-c. (325 lux).

50 ft-c. (540 lux).
fine
75 ft-c. (810 lux).
Precise

200 ft-c. (2,155 iux).

15. Preservatives, paint, or grease
applied to components cannot hide
cracks or breaks in structural
members.

YES = Adequate NO Inadequate N/A Not Applicable
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DESIGN CHECKLIST

* Components STRUCTURAL COMPONENTS

HF Considerations Safet

Abbreviation Safety

Detailed Design Considerations YES NO N/,A Comment

16. Exposed edges and corners are
rounded 0.03 in. (0.75 mm).
(5.13.5.4)

1 7. Exposed edges and corners that may
present a safety hazard are rounded
0.5 in. (13 mm). (5.13.5.4)

18. Non-sparking tools are used in
explosive atmosphere.
(5.13.7.1.7)

1 9. Sensitive and delicate components
are protected against dust, rain, or
mud during assembly and erection.
(5.9.2.3)

0 20. Sharp edges are covered/sheathed
for safe handling.

21. If heights are involved, hooks and
eyes are provided for attaching
safety belts/lines.

22. Structural members used for
climbing conform to criteria for
steps, ladders, and platforms.

YES = Adequate NO -. Inadequate N/A = Not Applicable
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-- -- WHIi
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Figure C-1. Prcterred Letter Format
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Figure C-2. Preferred Numerical Format
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0

FONTS FOR ENGRA VI N G

LETTERS
-- L E T T E R S

GORTON EXTENDFD

'BCDEFGH, J- . e *O .-0

GORTON NORVAL

* _GORTON CONDENSED

N U' B E N S

GORTON EXTENDED

____ -- GORTO.) '%10U[RNE

Figure C-3. Other Acceptable Fon'ts
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FONTS FOR PRINTING

LETTERS

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz ,:;-?!"-()[]#$&

AIRPORT SEMIBOLD

AB CDEFGHIJKLMNOPQRSTUVWXYZ
a bc defg h ijk I m n op q r s tuv wx y z:;,.

FUTI RA DEMIBOLD

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghiiklmnopqrstuvwxyz;:...,.

VOGUE MEDIUM

A B CD E FG H I J K LMNO PQ R ST U V WXY Z
aabcdefgh ij k Imn o p q r st u vwxyz w;" "x.

LINING GOTHIC No 66

ABCDEFGHIJKLMNOPORSTUVWXYZ
abcdefghijklmnopqrstuvwxyz .,:;-?!"$&

ALTERNATE GOTHIC No 3

NU MBERS

123456789
FUTCRA MEDIUM

123456789
FL'TURA TEMPO SOLD

[ :•,L-M., 80,ý2__

Figure C-3. Other Acceptable Fonts (Cont.)
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Si A " c;,• jcc s:,.r 52 ,l r1'c..r'Ieu : •! 8• 6

1 to: Of ...- t

p ~ ~~ ~ ..*..:: j. . '4 C 0

, .. • ~ C• . e.ea I r f e

I i ttt t o

$F#ir t-, A ro rn Nois &'..evels.. ' for IShip,

,ae~ A cpa - a g '.. 4 1; P tI

Irl zfS.* ..

C.. - ~ pB I af IC . I I.. . . .. VP. 011.ritr

Fig.Cr C-4 Aib re N ieBe~s frS i

Compartments (in Decibels)
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